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ABSTRACT svs 
This thesis consists of five chapters. In the first chapter a detail 
Hterature of the synthetic ion exchange materials has been reviewed. 
These ion exchange materials are particularly used where chemically 
modified oxide surfaces are involved. In disciplines such as separation of 
ionic species in radioactive wastes and in catalysis where the use of ion 
exchangers are proved to be an added advantage due to their high thermal 
and chemical stability resistivity towards radiation and selectivity for 
certain ionic species. These materials also find extensive applications in 
the removal of toxic species, separation of ionic components in food 
materials, pharmaceuticals etc., recovery and concentration of precious 
metal ions. Efforts have been made to enhance the selectivity of the ion 
exchanger for the separation and recovery of metal ions with a treatment 
of a variety of complexing agents. 
Second chapter describes the synthesis of anamorphous ion 
exchanger, zirconium(IV) iodotungstate under varying mixing ratios by 
adding a mixture of aqueous solution of 0.2M potassium iodate and 0.2M 
sodium tungstate to an aqueous solution of 0.2M zirconium oxychloride 
at pH 1. The increasing tungstate content in the mixture increases the ion 
11 
exchange capacity of the material while increasing the iodate composition 
has no significant effect. The exchanger has been characterized on the 
basis of ion exchange capacity pH-titration, chemical and thermal 
stability chemical composition, x-ray diffraction and FTIR studies. The 
ion exchange capacity for alkali metals increases from Na^ to K"^  while 
for alkaline earth metals, show reverse sequence. The pH-titration curve 
reveal monofunctional weak acid behaviour of the material. X-ray 
diffraction study characterize the amorphous nature of the material. The 
material is stable upto 300°C. The chemical composition suggests that the 
mole ratio of zirconium, iodate and tungstate was found to be 4:3:2. 
Distribution coefficients of a number of metal ions were determined in 
various solvent systems. The analytical importance has been 
demonstrated by achieving selective separation of Hg and Pb from 
synthetic mixtures of metal ions and assay of Al and Mg in 
commercial tablets has been checked. 
In the third chapter modification of cation exchange resin, 
Amberlite IRA-120 have been discussed by the sorption of l-(2-
Pyridylazo)-2-naphthol (PAN). The optimum conditions for the sorption 
of PAN on the resin has been established. The maximum sorption of PAN 
was found to be 8.70 M mol g"'. The time required to reach the 
equilibrium in the sorption of PAN by the resin was found to be 4 hour 
I l l 
and adsorption isotherm follows langmuir's isotherm. Sorption of some 
metal ions in several solvent systems has been studied in terms of Kd 
values. A number of binary separations of metal ions of analytical interest 
have been carried out using columns packed with this material. In order 
to demonstrate the practical utility of this material, Zn and Hg have 
been selectively separated from synthetic mixtures of metal ions and 
assay of Zn^^ and Fe^ "^  in commercially available pharmaceutical tablets 
namely Fesobar-Z and FE-Z. 
The fourth chapter describes the synthesis of amorphous ion 
exchanger, tin(IV) iodovanadate in different mixing ratios and different 
pH by adding a mixture of aqueous solution of 0.2M potassium iodate 
and 0.2M sodium meta vanadate to an aqueous solution of 0.2M tin(IV) 
chloride. On increasing the iodate contents of the reactant in the mixture, 
the ion-exchange capacity of the material is increased while on increasing 
the stannic contents, the ion exchange capacity decreased. The order of 
mixing do not affects the ion-exchange capacity and is remain almost 
same when the order of mixing is changed. The exchanger has been 
characterized on the basis of ion exchange capacity, pH titration, 
chemical and thermal stability, chemical composition, x-ray diffraction 
and FTIR studies. The ion exchange capacity for alkali metals increases 
except K^ while alkaline earth metals exhibit a reverse trend except Ba^ .^ 
IV 
The pH-titration curve reveal monoflinctional weak acid behaviour of the 
material. X-ray diffraction study characterize the amorphous nature of the 
material. The material is stable upto 200°C. The chemical composition 
suggests that the mole ratio of tin, iodate and vanadate was found to be 
2:3:1. The product has been used as electron exchanger. The oxidation of 
Fe(II), Sn(II), ascorbic acid and N2H4 was achieved by batch equilibrium 
technique successfully. 
In the last chapter the chromatographic identification and 
separation of alkaloids have been discussed on ion exchange material 
stannic phosphate layers and columns. Chromatographic reagents iodine 
or dragondroff have been used for the simple and rapid detection of these 
alkaloids. The mobility of these alkaloids has been screened with a umber 
of pure and mixed organic solvents. It was found that eluting power of 
mixed solvent system of all the alkaloids are high in mixed solvent 
system than the single solvent systems studied. On the basis of difference 
in Rf values a number of binary and ternary separations of alkaloids have 
been achieved on thin layer and column. The column method has also 
been utilized for the estimation of quinine in pharmaceutical tablets. 
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Chapter 1 
General Introduction 
Analytical chemistry is the branch of chemistry which deals with the modem 
method for investigating substances and their formation. It is one of the fastest 
growing fields in the area of chemical technology. Its increasing role and impact on 
the advance in diverse scientific fields such as pharmaceutical research, clinical 
analysis, environmental analysis, quality control, geology, oceanography and 
pollution control is well established. This branch usually begin by placing chemical 
science, describing different types of analysis (e.g. quantitative, qualitative) on macro 
to micro level and it can also be applied to even for routine analysis. Analytical 
chemistry has reached the pinnacle of precision with the modem computerized 
instrumentation techniques which make possible to elucidate the microstructure of 
molecular species and hereby the reaction mechanics taking place onto the species, 
studies of rare and artificial radioactive elements and to obtain substances in the 
highest state of purity. 
Analysis is an important aspect of experiment and application of chemical 
analysis are to be found everywhere in an industrialized society. To separate the 
different constituents in a given sample is the primary steps for analytical chemists. 
The separation methods are precipitation, crystallization, dialysis, diffusion, 
extraction, distillation etc. The disadvantage with these methods is that it involves 
long and complicated operations to carry out accurate analysis. But there are times 
when a simple rapid analysis may actually be more desirable, thus ion exchange and 
chromatography has emerged as a most versatile and important analytical tool. 
Beginning from its invention ion exchange has glorified the filed of analytical 
chemistry. It is one of the most versatile techniques of separation science tool and is 
widely used in organic, inorganic and biochemical separations. Today it's over 
expanding use has brought man closer to his dreams, his comfort and ultimately his 
Utopia. Rarely has a particular area of science seen so spectacular and so phenomenal 
growth as ion exchange. 
Ion exchange is a reversible process in which cations or anions are exchanged 
stoichiometry between the ion exchanger and the solution phases when they are 
placed in closed contact with each other. It is basically a process of nature occurring 
throughout the ages before the dawn of civilization, has been embraced by analytical 
chemists to make use of difficult separations possible and easier. 
When an ion- exchanger with counter ion A is placed in a solution of another 
counter ion B, the ion exchange reaction can be expressed as 
A +B ^ - B +A (1.1) 
where the barred quantities refer to the exchanger phase and unbarred to the solution 
phase. 
Thompson and Way (1.2) described the phenomenon of ion exchange in the 
soil by the name of base exchange who reported that when a soil was treated with 
either ammonium sulphate or ammonium carbonate, most of the ammonia is absorbed 
and calcium released. The process could be represented as follows: 
Ca-Soil + (NH4)2 SO4 ^"•~ NH4-Soil+CaS04 -—(1.2) 
According to Eichom (3) zeolite were responsible for this exchange in soil. 
Later Harm and Rumpler (4) first synthesizes artificial aluminosilicates to purify the 
beet syrup. The material responsible for this phenomenon were mainly zeolites, 
gluconites, clays and humic acids as demonstrated by Lamberg and Wiegner (5,6). 
Gans (7) was the first person who used processed natural zeolite to an industrial 
scale based on scientific understanding and technological maturity. 
It was not until 1917 that the first practical application of ion exchange for 
analytical purposes was achieved by FoUin and Bell (8) in the determination of 
ammonia in urine. Sulfite cellulose was used as ion exchanger for the determination 
of copper from water by Kullgren (9). An interesting discovery began in 1935 when 
Adams and Holmes (10) found that crushed phonograph records exhibit ion exchange 
properties. They synthesized cation and anion organic ion exchangers fi-om phenol 
and formaldehyde followed by synthesis of resins from styrene and divinylbenzene by 
D' Alelio (11). These organic exchangers exhibited improved properties over the 
formerly known ion exchange materials. 
A few important applications of ion exchange materials are as follows: 
1. Removal of interfering ions 
2. Water softening 
3. Separation of metal ions 
4. Recovery of precious metals 
5. Determination of total salt content of a solution 
6. Separation of organic and biologically important substances 
7. Concentration of trace constituents 
8. Specific spot tests 
9. Location of end point in titrations 
10. Gas chromatography, electrophoresis and solid state separations 
11. Preparation of deionized water 
12. Water pollution control (purification of water) 
13. Preparation of ion selective electrodes and 
14. Preparation of ion exchanger fuel cells. 
The fiindamental principles underlying all ion exchange applications are based 
on a few simple facts involving the exchange reaction. 
a. Selectively or affinity preferences of the exchanger for one ion relative to another 
including cases in which the differing affinities of the ions are modified by the use 
of complexing or chelating agents. 
b. Screening effect - the inability of very large ions or polymers to be absorbed to 
an appreciable extent (partly because of a slow rate of uptake) 
c. Ionic mobility restricted to the exchangeable ions and counter ions only. 
d. Differences in migration rates of absorbed substances down a column primarily a 
reflection of differences in affinity. 
e. Donnan exclusion - the inability of the resin to exclude ions under most 
conditions but not the undissociated substances. 
f. Equivalence of exchange 
g. Miscellaneous -swelling surface area and other mechanical properties. 
The ion exchange materials may be broadly classified as "organic" and 
"inorganic". Organic ion exchanger, commonly known as ion exchange resins have 
dominated the field because of their uniformity, chemical stability and ability to 
control resin properties by synthetic procedures. The advent of nuclear technology 
in the post world war II era initiated a search for highly selective ion exchangers that 
would be more stable to high temperatures, radiation fields, chemicals and of more 
convenient properties than commercial organic and natural inorganic ion exchangers 
to treat nuclear wastes. Inorganic ion exchangers possess these properties and hence 
have good applications in the treatment of industrial and radioactive wastes and 
processing of radio isotopes in nuclear technology. Further researches have shown 
that they have applications in the detection and separation of metal ions under 
ordinary conditions also. They have been found useful in the preparation of ion 
selective electrodes and as packing materials in ion chromatography. Analysis of 
rocks, minerals, alloys and pharmaceutical products have also been made using these 
materials. Zirconium Phosphate has been reported to be useful as adsorbent in the 
portable artificial kidney devices (12) 
Thus inorganic ion exchangers have played a vital role and established a 
distinguished position among the ion-exchange materials. The prolified development 
in nuclear energy, hydrometallurgy of rare elements, preparation of high purity 
materials, water purification, catalysis etc. has forced to synthesize new highly 
selective ion exchanger with enhanced ion exchange capacities. 
As the literature survey shows the contribution for the synthetic inorganic ion-
exchangers from Amphiett (13, 14), Kraus (15), Clear field et. al. (16, 17), Szirtes 
(18), Abe et. al (19,20), Albert! et. al. (21, 22), Volkhiml( 23), Walton 1(24-27), 
Vesely and Pakarek (28,29), Quresthi et. al (30,31) etc. are noteworthy for 
elucidation of different aspects of these materials other than the ion- exchange 
properties. 
Classification of synthetic inorganic ion exchanger on the basis of the 
chemical characteristics of the ion- exchanging species as proposed by Vesely et. al. 
(32) 
1. Hydrous oxides of polyvalent metals 
2. Acidic salts of multivalent metals 
3. Salts of heteropolyacids 
4. Insoluble ferrocyanides 
5. Aluminosilicates 
Hydrous oxides contain bivalent, trivalent, tetravalent, pentavalent and 
hexavalent atoms in their structures. Hydrous oxides are of particular interest because 
most of them can function as both cation and anion exchangers and under certain 
conditions both cation and anion exchange occurs simultaneously (33, 34). The 
sorption of Zn^ "^  on Mg (0H)2 can be explained through a coprecipitation mechanism 
rather than ion exchange (35). A mixture of Mg (0H)2 with Fe (0H)3 or Al (0H)3 
exhibits interesting sorption properties and has been successfully used to adsorb 
radio nuclides in trace concentration. 
Hydrous alumina, a-A^Os, a-AlOOH, A1(0H)3 and pseudomorphic iron 
hydroxide are the trivalent hydrous oxide of metals which are used in thin layer 
chromatography. Hydrous oxides of tetravalent metals contain oxides of SiOa, Sn02, 
Ti02, Th02, Zn02 and Mn02 These act either as cation exchanger in alkaline 
solutions or as anion exchange in acid solutions. Tsuji (36) describes the hydrous 
manganese dioxide with rather unusual selectivity sequence for alkali metals. Inuoe 
et. al. (37) have studied the isotopic exchange rate of sodium ions between the 
hydrous tin (IV) oxide in the Na^ form and aqueous solution of sodium salt. 
A large number of acidic salts of multivalent metals have been described as 
ion-exchangers. The renaissence of the practical applications of these substances is 
closely connected with the development of nuclear science and also with the modem, 
more exact approach to the understanding and elucidation of sorption processes. 
Acidic salts of multivalent metals are formed by mixing the solutions of salts of III 
and IV group elements of periodic table with the more acidic salts. 
Among the metals studied are zirconium, thorium, titanium, cerium and tin 
etc. and anions incorporated are phosphate, arsenate, antimonate, vanadate and 
silicate. These are gel like or macro-crystalline structvire and act as cation exchangers. 
They also possess high degree of chemical, thermal and radiation stability. .Most of 
the research work has been carried out with zirconium phosphate, which shows 
Amorphous (38, 39), semi crystalline (40,41) and crystalline forms. 
It has various potential applications in ion exchange membranes, especially in 
hydrogen, oxygen fuel cells, electrodialysis (42, 43) and artificial kidney machines to 
remove ammonium ion (44). 
Amongst various categories of the inorganic ion exchange materials, that 
received much attention are the heteropoly acid saUs such as ammonium 
molybdophosphate, complex cyanides, various acid zirconium salts such as: 
Phosphates, molybdates and tungsten. The parent acids of these sahs are the 12-
heteroployacids with the general formula Hm XYi204o.nH20, where m=3,4 or 5, X 
can be phosphorous, arsenic, silicon, germanium and boron and Y is the number of 
different elements such as molybdenum, tungsten and vanadiimi. 
Three components ion- exchangers (45) are more selective and stable than the 
two component ion- exchangers and the simple salts. Insoluble ferracyanides can be 
precipitated by the metal salt solutions with H4 [Fe (CN)6], Na4 [Fe (CN)6] or K4 [Fe 
(CN)6] solutions (46). They have found various applications in analytical chemistry 
and in technological practice due to their highly selective ion exchange properties, 
chemical stability and mechanical stability. They are also stable in acidic solutions 
upto concentration of 2 M. 
Aluminosilicates have been divided into three mains groups as: 
i. Amorphous substances 
ii. Tw^ o dimensional layered aluminosilicates as synthetic analogous of clay 
minerals. 
//•/. Three dimensional structure arising from a framework of (Si04)'*' and 
{A\0,t. 
The greatest attention will be paid to synthetic zeolite, as their molecular and 
ion-sieve properties are usefril for analytical applications. The chemical 
composition of zeolite is often expressed by the formula Mx/n [(A102)x 
(Si02)y]zH20. Where M is a metal cation with volence n and Y/X usually varies 
from 1 to 5. Synthetic aluminosilicates can be approximately related to their 
naturally occurring analogues and can be classified into the following groups, 
chabazite, analeite phillipsite, heulandite, mordemite, faujasite, like zeolite and 
other zeolites. 
Various synthetic inorganic ion- exchange materials have been investigated so 
for. Some of the important two and three component ion- exchangers with their 
compositions and selectivity for metal ions have been reported in tables 1.1 and 
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For a complete description of a material as an ion exchanger the following 
properties must be studied: 
i. Ion exchange capacity (I.E.C) 
ii. PH -titration 
iii. Composition 
iv. Chemical and thermal stability 
V. Distribution coefficients 
vi. Structural studies 
vii. Analytical applications 
Ion-exchange capacity, expressed generally as equivalent per dry gram or 
equivalents per kilogram, is the measure of the number of replaceable H"^  ions per unit 
mass of the exchanger. This property is determined generally by the nonequilibrium 
process i.e. using a column. 
The pH -titration studies is used to find one of the methods for the 
detarmination of the equilibrium capacity of the ion exchange material and the uptake 
of metal ions with variation in pH values. It also helps in determining the number of 
replaceable hydrogen ions per molecule of the material. In this way it help in 
establishing whether the exchanger is monofunctional or polyfunctional. 
The distribution coefficient (Kd) is the measure of a fractional uptake of metal 
ions competing for H"^  ions from a solution by an ion -exchange material. It is defined 
as follows: 
I-F V 
F M 
Where I is the total ions initially in the solution, F is the amount of the metal 
ions left in the solution after equilibrium, V is the volume of the solution, and W is 
the weight of the exchanger. The initial concentration of the electrolytic solution is 
adjusted such that it does not exceed 3% of the total exchange capacity of the 
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exchanger taken (339). It is an important factor for determining the analytical 
potential of an ion exchanger. 
It becomes easy to understand the chemistry of the newly synthesized 
materials with the help of modem analytical instrumental techniques such as IR-
spectroscopy, TGA, DTA, DSC, X-ray spectroscopy, scanning electron microscopy 
etc to predict the presence of the water molecules, -OH groups and metal-oxygen 
bounds. X-ray analysis confirms whether the material is amorphous or crystalline and 
then determining the crystalstructure. 
The differential thermal and thermogravimetric analysis are important 
techniques that record the changes in the chemical composition of the material at 
different temperatures. These techniques provide a great help in establishing the 
structure and thermal stability of the ion exchangers. 
Solvent play an important role on the adsorption behaviour and should be 
selected on the basis of their nature interaction with the compound under 
consideration and the adsorbent, e.g. citric acid, formic acid, tartaric acid and 
perchloric acid are the common eluents used for column chromatography. Inorganic 
and organic ion exchangers have drawn much attention due to their application and 
thermodynamic behaviour. 
Adsorption is one of the most fascinating areas of chemistry. Since the 
molecules on the surface have a different environment from those in the bulk of the 
material, hence surface energy is different from the energy of the bulk. When a 
solution containing some solute is brought into contact with a solid, some of the 
solute is taken up by the solid. This phenomenon of the uptake of a solute by a solid 
referred to as "sorption". In general when the solute is adsorbed by the surface only 
the process is called "Adsorption" and when the solute is adsorbed by the solid to 
inner layer the process is called "Absorption". 
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Adsorption is of two types: Physical and Chemical called as "Physiosorption" 
and "chemisorption" respectively. In physiosorption the molecules are adsorbed to a 
solid surface essentially by physical forces, while in chemisorption, the molecule 
forms the chemical bonds with the solid surface. In physiosorption there is a 
Vanderwaal's interaction (for instance dispersion or polar interaction) between the 
surface and adsorbed molecule. These are weak types of interactions and the amount 
of energy released when the molecule is physiosorbed is of order of 25 KJ mof i.e. 
the enthalpy of condensation. 
Ion exchange resins are high molecular weight polyacids or polybases which 
are virtually insoluble in most aqueous and nonaqueous media. They may be practiced 
as having structures containing large polar exchange groups held together by a three 
dimensional hydrocarbon network. These resins are produced in the form of spherical 
beads, usually with diameters of 0.1 to 0.5 mm. They can be cation as well as anion-
exchangers depending upon the nature of the functional groups attached to the 
skeleton. The backbone is generally a styrene divinyl benzene copolymer. Copolymer 
of acrylic acid derivatives and divinyl benzene are also frequently used. For several 
years, cross-linked dextran (sephadex) has also been used as carrier material. 
Cation exchange resins contain sulfonic acid groups which dissociate in acid 
media as well as basic media. In addition, resins of weakly acid type particularly those 
containing carboxyl groups. The chemical formulae of resins in the sodium form 
can be schematically represented as: 
Sulfonic acid type: Rs SO3" Na^ 
Carboxylic acid type: Rs COO' Na"^  
The ionogenic groups are fixed to the resin matrix. The oppositely charged 
ions, which are called counter ions, can be exchanged for other ions. Hence cation 
exchange resins can be considered as polyvalent anions with positively charged 
counter ions. 
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On the other hand anions exchange resins may be regarded as polyvalent 
cations with negatively charged counter ions. The basic properties of these resins are 
most often due to the presence of amino, substituted amino, or quaternary ammonium 
groups. Resins containing quaternary ammonium groups are strong electrolyte 
(strongly basics resins); those with amino groups are weakly basic in character. 
A typical cation exchange reaction may be represented as: 
nRSOs" H* + M""" = (RS03)n M +nH^ (1.4) 
A typical anion exchange reaction may be represented as: 
nRN ^MeaCr + X"- = (RNMe3)n X + nCl" (1.5) 
Systematic organic ion exchangers can be prepared either by condensation of 
phenol (Resorcinol, hydroquinone. Para and metaphenol sulphuric acid etc.) with 
formaldehyde or other aldehyde in the presence of acid or base as catalyst or by 
polymerization of styrene and divinylbenzene. 
It is important to note that the product should be made under identical 
condition and degree of condensation should be identical. The degree of cross-linking 
of the product can be controlled to some extent by choosing proper base materials. A 
common disadvantage of condensation type of ion exchange resin is that they also 
contain phenolic hydroxyl group besides the strongly acidic, weakly acidic or weakly 
basic groups. 
The first polymerization type of organic ion exchange resin was prepared by 
D' Alelio (340) in 1945. Since, then organic ion- exchangers have been used both in 
laboratories and industries for the separation and pre-concentration of metal ions, 
recovery of metals, removal of permanent hardness of water, demineralization of 
water, concentration of electrolytes and elucidating the mechanism of many 
reactions (341). 
A new class of exchangers (342, 343) has been developed by incorporation of 
bi or polydentate ligands on the ion exchanger matrix known as chelate ion 
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exchangers. A number of chelating ion exchangers have been synthesized to 
encourage the applications of ion exchange to a wide range of ion and for the 
recovery of certain metal ions selectively. The chelating ion exchangers may provide 
a convenient technique for the analytical concentrations of many of the more 
interesting trace elements from waters and collection of toxic elements from industrial 
waste water. The selectivity of the most complexing agents predominantly depends on 
their ability to form chelates with certain metal ions selectivity. The selectivity of the 
most complexing agents predominantly depends on their ability to form chelates with 
certain metal ions. The properties of some resins bearing chelate forming groups and 
ion-exchange groups have been studied in detail. These resins are prepared by 
immobilization of chelating agents on various supports (344). The aromatic 
complexing agents containing the sulfonic acid groups are particularly usefiil for the 
separation of metal ions on an anion exchange resin. These compounds display high 
selectivity for anion exchangers. The selectivity of these modified resins depends on 
the nature of the functional analytical groups of the ligand. 
In recent years, various papers have been published related to the study of 
modified resins in different fields of separation science. A list of some important 
chelate ion-exchange resins with their selectivity and chromatographic applications 
has been shovm in table 1.3. 
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In addition to the materials studied so for, a number of other types of 
exchangers have been developed such as "electron ion exchanges" and "redox ion 
exchanger". The electron exchangers are solid oxidizing and reducing agents. They 
are insoluble, but able to swell to a limited extent. After having oxidized (or reduced) 
a substrate, the electron exchanger can be regenerated by a suitable oxidizing (or 
reducing) agent i.e. they are reversible agents. Electron exchangers are, as a rule, 
resins with a cross linked hydrocarbon matrix. They contain the species such as 
quinone/ hydroquinone, forming a redox couple which can be reversibly oxidized or 
reduced. 
Redox ion exchangers are conventional ion exchange resins containing 
reversible oxidation reduction couples such as Fe '^^ /Fe^ ,^ Cu^VCu or methylene blue 
etc. (361, 362). The oxidation reduction couples are held in the resins either as 
counter ions or by sorption or complex formation. Duolite S-10 is a commercial 
redox ion exchanger. 
Electron ion exchangers and redox ion exchangers behave in a similar way to 
that of the soluble oxidation- reduction couples. The redox potential of a couple is not 
significantly changed by incorporation of the couple into a resin (363, 364). In its 
reduced form the redox ion exchanger can reduce the couples having a higher 
standard redox potential where in its oxidized form it can oxidize the couples having a 
lower redox potential. Standard redox potentials of some of the most common redox 
couples are given by Latimer (365). 
The redox ion exchangers have some advantages over dissolved oxidation or 
reduction agents. The most important advantage is their insolubility. After oxidation 
or reduction of a substrate, the exchanger is readily removed from the solution. No 
contamination of the solution by redox agents or their products occurs as only 
electron and protons are transferred between the exchanger and solution phases. 
Hence the only change in the solution -except for the oxidation state of the substrate 
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is an increase or decrease in pH. Another advantage is that they can be easily 
regenerated after use by a suitable reducing or oxidizing agent. 
Redox ion exchangers and electron ion exchangers are characterized by their 
redox capacity, redox potential and rate of the reaction. The redox capacity is the 
amount of a substrate being oxidized or reduced by a specific amount of the 
exchanger and is expressed in terms of the milliequivalents per gram of dry resin. The 
reaction rate determines the time required for the redox process under a given set of 
conditions. The standard redox potential indicate which substrate can be reduced or 
oxidized. Some important redox ion exchangers are listed in table 1.4 
The redox potential of couple in solution is defined as the electric potential 
differences between the solution of the redox couple and the standard hydrogen 
electrode. 
36 
Table 1.4 List of some redox exchangers 
Redox exchanger 
1. Polystyrene based redox resin 
2. Phosphomolybdovanadic acid 
3. Tetra chlorohydroquinone 
4. Tetra chloroquinone 
5. P-benzoquinone melamine-copolymer 
6. Alkali and nickel ferrocyanide 
7. Phosphatengesto vanadic acid 
8. Zirconium peroxide metatungstate 
9. Zirconium peroxide metatungstate 
10. Redoxpolyamphatytesbased 
polyaminoquinone 
11. Zirconium iodovanadate 251 
lox capacity 
(meq/g) 
-
0.318 
-
-
4.00 
-
-
-
-
_ 
Reference 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
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There are several physical and chemical methods to separate, purify and 
identify the components of a simple mixture. But the complex mixtures, such as the 
mixture of amino acids obtained by the hydrolysis of protein (e.g. wool, egg albumin 
or the calcium of the milk) which resemble one another very closely in physical and 
chemical properties , can not be easily separated by ususal methods. They can, 
however be separated fairly rapidly by chromatography. 
Chromatography is the name given to the technique for the separation of a 
mixture of solutes brought about by the dynamic partition or distribution of dissolved 
or dispersed materials between two immiscible phases, one of which is moving past 
the other. The term chromatography is derived from two Greek words 'chrome and 
'graphy' meaning colour and writing respectively. Initially the chromatography was 
regarded as a branch of analytical chemistry where the studies were based on colours. 
Although the meaning of the term is largely understood by chemists, a good definition 
of chromatography is difficult to formulate. It is a collective term to methods which 
appear diverse in some regards but share certain common features. 
Chromatography is an analytical or separatory method based upon the 
adsorption experiments carried out by TsWett in 1903 and 1906 (376) when he was 
trying to separate coloured plant pigments on a small column packed with calcium 
carbonate. When a solution of green plant pigment was applied to the top of the 
column , packed with finely powdered calcium carbonate and then washed down 
with light petroleum, he noticed a series of horizontal coloured bonds on the 
column, he called this separation a chromatogram and the corresponding method 
chromatography. Tswett had not only resolved a multi component mixture into its 
constituents, but had also isolated the constituents without chemical change or 
alteration, so that they could be used for investigation of their properties. In this way 
he provided scientists with a remarkably useful tool for the investigation of chemical 
substances. Thus chromatography is a method of analysis in which the flow of solvent 
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or gas promotes the separation of substances by different migration from a narrow 
initial zone in a porous sorptive medium. All the known types of chromatography are 
given as follows: 
1. Liquid -solid chromatography 
2. Gas-solid chromatography 
3. Liquid -liquid chromatography 
4. Gas-Liquid chromatography 
In liquid - Liquid and gas-liquid chromatography the mobile phase is liquid 
and gas respectively. TLC also is a type of liquid -solid chromatography where 
stationary phase is solid adsorbent supported on an inert plate in a plane. In gas 
chromatography the solute in the gaseous state is distributed between a gaseous phase 
and a stationary phase either solid or a thin film of liquid supported on solid. Liquid 
chromatography (LC) refers to any chromatographic technique in which moving 
phase is a liquid such as liquid -solid sorption chromatography and colunm 
chromatography. This has been extensively used for the fractionation and separation 
of organic mixtures both for preparative and analytical purposes. Modem liquid 
chromatography is termed as high performance or high pressure liquid 
chromatography (HPLC). In HPLC, closed reusable columns are used so that 
hundreds of individual separations can be carried out on a given column in a shorter 
time. This began in late 1950s with the introduction of automated amino acids 
analysis by Spackman, Stein and Moore (377). Detection and quantitation were 
achieved with continuous detectors of various kinds which yield a final chromatogram 
without intervention by the operator. It has been especially usefiil in the separation of 
drugs and their metabolites and in the analysis of normal constituents of cells such as 
steroids, nucleotides. Mass spectrometer and stopped flow UV scanning techniques 
online with HPLC has been applied in the identification of peaks in complex 
biological mixture to eliminate the errors of past chromatographic sample handling. 
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The advantage of HPLC over other chromatographic technique is its ability to analyze 
non-volatile, ionic, thermally labile and even biologically active compounds. 
Adsorption chromatography is a technique in which small differences in the 
adsorption behaviour of substances between a moving solvent (liquid or gas) and a 
stationary solid phase are utilized to achieve the separation. When the moving phase 
is a liquid, it is called liquid-solid chromatography or adsorption column 
chromatography. It is based on the interaction between the solute and fixed active 
sites on a finely divided solid adsorbent used as the stationary phase. The adsorbent 
may be packed in a column or spread on a plate; it is generally an active solid with a 
high surface area. The surface of an adsorbent has rigid structure and fi-ee valancies to 
make the chromatographic system more useful to separate the geometrical and 
structural isomers. For example, fatty acids have been easily separated by adsorption 
column chromatography. 
Partition chromatography is a technique in which mixtures of substances are 
separated by means of partition between the moving solvent and a stationary liquid 
which is held on a suitable solid support. When the moving phase is a liquid, it is 
called liquid- liquid chromatography; when it is a gas the technique is known as 
vapour or gas-liquid chromatography (GLC). This technique was first reported by 
Martin and Synge (378). 
In normal phase chromatography, more polar liquid (e.g. water rich) is the 
stationary phase whereas reverse (i.e. less polar stationary phases and more polar 
mobile phase) is used in the case of reversed phase partition chromatography. It is a 
powerful tool for the separation of members of a homologous series. 
In ion-exchange chromatography the stationary phase is micro porous polymer 
to which anionic and cationic exchange groups are attached. It was first of the various 
liquid chromatographic methods to be used under modem liquid chromatographic 
condition. The major type of ion exchange layers in use includes polyester sheet 
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coated with a mixture of silica gel and anion/cation exchange resin with an inert 
binder (polygram ionex-5), polyethyleneimine (PET) cellulose, diethylamine ethyl 
(DEAE) cellulose, mixed layer of DEAE cellulose and unmodified cellulose etc. 
Automated high-resolution ion exchange chromatography dates from the early 1960 
with the introduction of routine amino acid analysis. Basically the some technique 
was later extended to the analysis of literally hundreds of different compounds in 
natural fluids (like blood, urine etc.). It has also proved to be extensively useful for 
the separation of inorganic ions (especially rare earths), multi-components of alloys, 
heavy metals in industrial effluent and fission products of radioactive elements (379, 
380) 
Size exclusion chromatography is the newest of liquid chromatographic 
methods and is also referred to as gel filtration chromatography or gel permeation 
chromatography. This is of great use in liquid chromatography for the separation of 
macromolecules having vapour pressure too small to be separated by the gas 
chromatography. The process of size -inclusion is concerned with the distribution of 
solute between the aqueous phase within the gel and external water. In size exclusion 
chromatography the solid support is a porous polymer with a controlled pore size. Th 
components are separated according to their size or molecular geometry in solution. 
The macro compounds are excluded by the stationary phase and emerge out 
first whereas the smaller constituents are retained in pores of the adsorbent. The size 
exclusion may be performed in aqueous systems (gel filtration) or in non aqueous 
systems (gel permeation). It is widely used for fractionating and obtaining the 
molecular weight distribution of cellulose and its derivatives (381) and the separation 
of particularly non-ionic macromolecules such as proteins and nucleic acids. 
In gas chromatography the sample is vaporized and injected onto the head of a 
chromatographic column. Elution is brought about by the flow of an inert gaseous 
mobile phase. In contrast to most other types of chromatography, the mobile phase 
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does not interact with molecules of the analyte; its function is to transport the analyte 
through the column. Two types of gas chromatography are encountered: gas -solid 
chromatography (GSC) and gas-liquid chromatography (GLC). Gas -liquid 
chromatography finds widespread use in all fields of science, where its name is 
usually shortened to gas chromatography. Gas-solid chromatography is based upon a 
solid stationary phase in which retention of analysis is the consequences of physical 
adsorption. It is method for separating components of mixtures of volatile 
compounds. The technology and applications of gas chromatography are almost 
completely independent of other chromatographic techniques. Gas chromatography 
can provide more information when supplanted with mass spectrometry and IR for 
online analysis of multi component streams. 
The chromatography that is carried out on a flat surface is referred as planar 
chromatographic separation technique. Planer chromatography has found wide spread 
use in forensic chemistry, identification of drug samples and analysis of ink in 
suspected forgery cases. It includes paper chromatography, thin layer chromatography 
and electrophoresis. 
Paper chromatography is the simplest and most widely used of the 
chromatographic technique because of its applicability in isolation, identification and 
on occasion, quantitative determination of all low molecular weight organic and many 
inorganic compounds. Paper chromatography is preferable for analytical purpose 
because of its advantage of being more reproducible and less subject to irregularities 
of solvent flow which impair separation. In 1850, Runge published a book describing 
the development of the technique for the analysis of dye mixture and inorganic 
compounds on blotting paper (382). 
Thin layer chromatography (TLC) is a type of planar chromatography in 
which stationary phase is in the form of layer supported on glass plate, aluminum foil 
or plastic sheet. In TLC, the mobile phase (liquid) migrates through the stationary 
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phase (thin layer of porous sorbent on a flat inert surface) by capillary action. This 
technique is simple, versatile and inexpensive means of separating and identifying 
the components of complex mixtures of inorganic, organic and biochemical 
substances. 
In TLC certain adsorbing substances such as silica gel, alumina and gel 
filtration beads etc. are supported as thin layers on glass plates (now called 
chromatoplates). This technique is similar in some regards to both column 
chromatography and paper chromatography. TLC may be considered basically for 
qualitative identification, quantitative separation and preparation of organic and 
inorganic materials. TLC is highly selective and flexible because of the avoidability 
of a great variety of layer materials and wider choice of mobile phase. The automated 
sample applications and developers allow high accuracy and precision in 
quantification. The wide choice of detection reagents leads to unsurpassed specificity, 
less pure samples can be applied as the layers are normally not reused. Being an off 
line method, different steps of the procedure are carried out independently. 
TLC is considered to be superior to other chromatographic technique in many 
aspects 
i. It is a versatile technique and can be applied to a wide variety of compounds 
both organic and inorganic, 
ii. It is applicable to the analysis of thermally labile compoimds. 
iii. It is more sensitive and gives sharper zones. Diffusion is minimum, 
iv. The capacity of thin layers of an adsorbent is higher than that of paper. 
V. Identification and separation by TLC can be carried out quickly; excellent 
separation can be obtained with thin layers in 20-40 minutes. 
vi. Fine particle size of most thin layer media gives improved resolution and 
compact spot. 
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vii. Corrosive reagents and acids can be sprayed on thin layer chromatoplates 
without any adverse effect, 
viii. TLC plates can be heated to higher temperature without causing any damage 
to it. 
The beginning of TLC is usually ascribed to Izmailov and Schraiber (383) who 
utilized layers of alumina on glass plates for the separation of extracts of medicinal 
plants. However, the first publication with the title "Thin layer chromatography" 
appeared in 1965 by Stahl (384). He chalked out an original research methodology on 
TLC and the idea of standardization of the technique was laid down. 
The history of TLC has been reviewed by Kirchner (385) and Heftman (386). 
Poole and Wilson (387) have considered the argtiments for reinvestigation of thin 
layer electrophoresis or paper chromatography. TLC has been become popular as 
separation technique (388) for samples not amenable to GC. TLC has been 
extensively used in the field of organic compounds (389), inorganic ions (390), 
environmental (391) analysis and forensic science (392). The rapid growth was 
slowed down during 1970s with the corresponding rise of high performance liquid 
chromatography. 
The most modem analytical technique is high performance liquid 
chromatography (HPLC) which has become the standard technique for column 
separation because of its increased speed, resolution, sensitivity and its convenience 
for quantitative analysis. A major advantage of HPLC over other chromatographic 
techniques is its ability to analyze non-volatile, ionic, thermally labile and even 
biologically active compounds rapidly. The difference between HPLC and TLC is that 
HPLC operates with a closed system whereas TLC functions in an open thin layer 
plate whose surface is exposed to the atmosphere. 
High performance - thin layer chromatography (HPLC) is an improved 
version of TLC which has been introduced by pretorius (393) in 1974 who described 
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this technique as high speed thin layer chromatography. This technique is 
advantageous compared to GC and HPLC in many situations and has been found of 
wide use (394-397) coupling techniques for TLC with various spectroscopic 
methods such as MS (398), IR Spectrometry (399), inductively coupled plasma 
atomic emission spectrometry (400), secondary ion mass Spectrometry (401) and 
many has been improved the minimum detectable quantity of sample in tremendous 
manner. 
In TLC a large nimiber of coating materials such as alumina, kieselguhr, 
cellulose and silica gel have been extensively used as the adsorbents. Besides these, a 
variety of adsorbents such as calciimi phosphate, activated charcoal, magnesium 
silicate, polyamide and silica gel - alumina (1:1) layers are also used. Out of these 
coating materials, the most preferred coating materials used as stationary phase are 
silica gel, cellulose and a alumina. The Na X-molecular sieves and ion-exchange 
resins of particle sizes 40-80 [im are also suitable for preparing thin layers. 
The ion-exchange property of the adsorbent plays a more prominent role than 
its simply adsorption behaviour. Sherma and Fried (402) in their review described the 
analytical capabilities of synthetic inorganic ion-exchange materials as adsorbents in 
thin layer chromatography. Inorganic ion-exchange materials which have found their 
use in thin layer chromatography have been classified into four groups: 
1. Thin layers of hydrated oxides 
2. Thin layers of insoluble metal salts of polybasic acids 
3. Thin layers of metal ferrocyanides 
4. Thin layers of heteropoly acids 
Zirconium oxide was used for the first time by Zabin and RoUinss (403) for 
the separation of metal ions. Berger et.al. (404) used this material for the study of 
ferrocyanide, ferricyanide and sulfocyanide. Kirchner et.al (405) separated terpenes. 
Sen and coworkers separated Bi^ ^ from 25 ternary and 12 quaternary mixtures. Some 
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authors have also chromatographed some anions and separated from other metal ions 
on stannic oxide (406) layers- Creamer and Seidal (407) also studied the 
movement of various anions on indium oxide plates. 
Zirconium phosphate was found of utmost interest in TLC for the separation 
of cations. Cerium phosphate (408) and molybdate (409) were studied for the 
chromatography of cations. Nabi et.al used Stannic tungstate for the separation of 
amino acids and explored the immunophysiological and bioanalytical potentialities of 
the material by separating phenols from tea, Coca and grapes (410) Rawat et.al 
(411,412) used zinc silicate as a adsorbent for paper chromatographic separations of 
phenols and amines respectively. The work on stannic arsenate (413) and antimonate 
(414) by Qureshi et.al. was worthmentioning. Ammonium molybdate was utilized for 
the chromatography of thirty-two synthetic dyes (415). 
Thin layers of zinc ferrocyanide were prepared by Fog and Wood (416), who 
chromatographed sixteen samples of sulfonamides. Kawamura and co-workers (417) 
have analysed various combinations of alkali metals. 
Analytical applicablility of the heteropoly acids salts has been a recent trend. 
Lesigang et. al. chromatographed alkali metals on thin layers of ammonium 
phosphododeca molybdate, arsenododeca molybdate, germanadodeca molybdate and 
aninium and pyridinium germanadodeca molybdate (418) in an ammonium nitrate 
system made as excellent beginning in this class. Behaviour of thirty five primary 
aromatic amines was studied on ammonium tungstophosphate and ammonium 
molybdophosphate and many separations were suggested (419). Tin (IV) 
arsenosilicate and arsenophosphate (420) were used to study the alkaline earths, 
transition metals and amino acids. 
Electrophoresis is a technique which refers to the movement of charged 
colloidal particles and macromolecular ions under the influence of an electric field. 
These methods are used to separate substances based on their charge-to-mass ratio. 
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using the effect of an electric field on the charges of these substances. 
Electrophoresis was first used in 1909 to describe the movement of colloidal particles 
in an electric field (421). Kendell (422) fully explored the analytical possibilities of 
the method and separated rare earth metals and alkaloids. It deals with the 
electromigration of ion and colloidal materials and has scored notable success in the 
fractionation, separation and identification of micro amounts of high and low 
molecular weight substances such as lipoproteins, amino acids and metal ions 
(423,424). Under favourable conditions substances are not only separated totally from 
the mixture but may be recovered almost completely. It was initially separated by 
Jargenson and Lucas (425) in 1981. Several reviews described the contribution in the 
development of this technique (426,427). 
Alkaloids are a class of "secondary" plant metabolites, occur chiefly in 
plants of the dicotyledonous family and are localised in seds, leaves, bark or root of 
the plant. Traditionally they have been classified as basic compounds derived from 
amino acids that contain one or more heterocyclic nitrogen atoms. Although this 
definition holds for most known alkaloids recently any N containing secondary 
compound is considered an alkaloid if it cannot readily be classified otherwise ~ i.e. 
not an amine, cyanogenic glycoside, glucosinolate, etc. Alkaloids are highly reactive 
substances with biological activity in low doses. Some properties can be summarized 
as follows. 
• Contains nitrogen - usually derived from an amino acid. 
• Bitter tasting, generally white solids (exception - nicotine is a brown 
liquid). 
• They give a precipitate with heavy metal iodides. 
• Most alkaloids are precipitated from neutral or slightly acidic solution by 
Mayer's reagent (potassiomercuric iodide solution). 
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• Dragendorff s reagent (solution of potassium bismuth iodide) gives orange 
colored precipitate with alkaloids. 
• Alkaloids are basic - they form water soluble salts. 
• Most alkaloids are well-defined crystalline substances which unite with 
acids to form salts. In plants, they may exist in the fi-ee state, as salts or 
as N-oxides. 
Alkaloids can be classified in terms of their 
• Biological activity 
• Chemical structure (nucleus containing nitrogen) 
• Biosynthetic pathway (the way they are produced in the plant). 
Plant genera providing the highest yield of alkaloids are Nicotiana, Vinca, Strychnos, 
Papaver sominifera, and Rauwolfia serpentia. 
Humans have been using alkaloids in the form of plant extracts for poisons, narcotics, 
stimulants and medicines for at least the past several thousand years. Alkaloids are 
arguably the most potent therapeutic compounds and have been manufactured as 
various allopathic drugs including the pain-killer morphine and the anti-malarial 
quinine. Some are reported to possess antiepileptic (428), antitumour agents (428-
431), antiallergic and anfiinflammatory (431) and antimalarial propertis (432,433). 
Isoquinoline alkaloids are used as sedatives (434) and are also reported to affect 
cardiac ftinctioning (435). 
The present work describes the synthesis and characterization of ion exchange 
mterials. These materials have been utilized in the separation of metal ions and 
alkaloids in synthetic and natural samples using thin layer and column 
chromatography and for redox purposes. 
The following chapters summarise the results of such findings. 
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Chapter 2 
Synthesis, Characterization and Analytical 
Applications of a New Ion Exchange Material: 
Zirconium (IV) lodotungstate 
INTRODUCTION 
Synthesis of new inorganic ion-exchangers is always of interest not only because 
of their higher thermal stability and resistivity to radiation than commercial resins and 
natural ion exchangers but also for their unusual selectivity towards certain ionic 
species [1-3].The last two decades these have seen tremendous applications of 
inorganic ion exchangers in such a diverse field as the ion selective electrodes [1], 
catalysts [4,5], molecular recognition [6], preconcentration of trace metal ions [7], the 
removal of toxic metals and chromatographic separation of both organic and 
inorganic species [8,9]. The rapid development of nuclear energy, hydrometallurgy of 
rare elements, properties of high purity materials, water treatment has added a new 
dimension to the research on inorganic ion exchange materials. 
Two component materials based on tetravalent metals (Zr, Ti and Sn) in 
combination with functional groups such as phosphate, silicate, arsenate and 
molybdate have been the most extensively studied class of inorganic ion 
exchangers[10,ll]. Inorganic ion exchangers based on three components have been 
found to exhibit enhanced ion exchange characteristics and better properties [12-15]. 
Tungstates of chromium, thorium, titanium, tin and zirconium exhibited low 
capacities that varied from 0.02 to 0.05 and poor selectivities [16, 17]. Tin (IV) 
tungstoselenate synthesized in our lab and tin (IV) tungstoarsenate have shown higher 
capacities 0.88 and 1.06 meq/g respectively [18, 19]. lodate containing exchangers, 
zirconium(IV) iodophosphate and tin(IV) iodophosphate have been found to show 
higher selectivities towards Pb^^ and Hg^^ respectively [13,20]. Keeping these views 
in consideration synthesis and ion exchange properties of zirconium (FV) 
iodotungstate have investigated in a systematic manner. The following pages 
summarize the results of the studies in this direction. 
This chapter deals with synthesis of zirconium (IV) iodotungstate and their 
characterization has been done on the basis of ion-exchange capacity, pH-titration, 
67 
chemical stability, chemical composition, X-ray diffraction, FTIR and TGA studies. 
The distribution studies of various metal ions have been made in demineralized water 
(DMW), hydrochloric acid, aqueous solutions of ammonium chloride (NH4CI) and 
dimethyl sulphoxide (DMSO).The analytical importance has been demonstrated by 
achieving some binary separations of metal ions on its column. In order to 
demonstrate practical utility of this material, Hg^ "^  and Pb^ "^  have been selectively 
separated from synthetic mixtures of metal ions and assay of Al^ * and Mg^ "^  in 
commercial tablets has been checked. 
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EXPERIMENTAL 
Reagents and chemicals 
Zirconium (IV) oxychloride and sodium tungstate were obtained from S.D. fine 
Chem. Ltd.(India) and potassium iodate was obtained from E. Merck (India). 
Phramaceutical preparations Gelusil MPS (Aluminium hydroxide gel 300mg/tablet, 
magnesium hydroxide 150mg/tablet, magnesium aluminium silicate hydrate 
75mg/tablet), Logascid (dried aluminium hydroxide gel 200mg/tablet, magnesium 
hydroxide 200mg/tablet) and Acidin MPS (magnesium hydroxide 250mg/tablet, dried 
aluminium hydroxide gel 250 mg/tablet) by PARKE-DAVIS, ASTRA-IDL and EAST 
INDIA respectively were used. All other chemicals and reagents used were of anal R. 
grade. 
Instrumentation 
An Electronic India-Ill E- digital pH meter and a Spectronic 20 Genesis 
spectrophotometer were used to measure pH and absorbance respectively. Powder X-
ray diffraction PXRD pattern was recorded using a diffractrometer PW 1820 with Cu 
Ka radiation. A Perkin Elmer FTIR 1730 spectrometer was used for recording FTIR 
spectra. TGA analysis was carried out with a general V2.2 A Du Pont 9900 thermal 
analyzer. 
Synthesis of the ion exchange material 
Samples of Zirconium (IV) iodotungstate(ZIW ) were synthesized either by 
adding a mixture of aqueous solutions of 0.2M potassium iodate and sodium tungstate 
into aqueous solution of 0.2M zirconium (FV) oxychloride solution or by reverse 
order with continuous stirring to obtain a gel under varying mixing ratios. The desired 
pH was adjusted by adding dilute HCl solution. The precipitate so formed was 
allowed to settle overnight at room temperature and then filtered under suction. The 
excess reagents were removed by washing with demineralized water (DMW) and the 
precipitate was kept in an oven at 50+2 "C for drying. The dried product was then 
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cracked into small granules by putting in DMW and subsequently treated with IM 
HCl for 24 h to ensure complete conversion to H"^  form at room temperature. The 
material was finally washed with DMW to remove any excess of acid. 
Ion exchange capacity 
The lEC of the material was determined by the column process. The 0.5 g of the 
exchanger in H^ form packed in a column with glass wool support and washed with 
DMW to remove any excess of acid remained sticking on the particles. Metal nitrate 
solutions were used to elute the H"^  ions completely from the exchanger column at a 
flow rate of 8-10 drops/minute. The effluent was collected and titrated against a 
standard NaOH solution to determine the total H"^  ions released. The ion exchange 
capacity data are given in tablesTi 2 '^d 3s^' 
pH-titration 
Topp and Pepper's method [21] was used for pH-titration of the material in H"^  
form. 0.5 g of the exchanger was taken in each 250 ml conical flasks containing a 50 
ml mixture of 0.1 M potassium hydroxide and O.IM potassium chloride solutions. The 
pH of each solution was recorded after continuous shaking for 6 h. The pH of the 
solution was plotted against the milli equivalents of OH" added (Fig. 2.1). 
Chemical stability 
0.5g exchanger in H"^  form was equilibrated with 50ml of desired solutions at 
25+2 ^C for 24h with occasional shaking. Zirconium, iodate and tungstate released in 
the solutions were determined spectrophotometrically using alizarin red-S [22] 
pyrogallol [23] and sodium metavandate [24] respectively as coloring reagents. 
Chemical composition 
For the determination of chemical composition of the sample (ZIW-5) O.lg of 
exchanger was dissolved in minimum amount of concentrated HNO3. The solution 
was diluted to 100ml with DMW. The zirconium, iodate and tungstate in the solution 
were determined spectrophotometrically using alizarin red-S [22], pyrogallol [23] and 
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sodium metavanadate [24] as coloring reagents, respectively. The molar ratio of Zr, 
IO3 and WO4 was found to be 4: 3: 2. 
X-ray analysis 
Powder X-ray diffraction method was used for the analysis of the sample 
ZIW-5 in H^ form. 
FTIR Spectrum 
FTIR spectrum of zirconium (IV) iodotungstate in H"*" form was obtained using 
KBr disc method (figure 2.2). 
Thermal treatment 
To study the effect of heating temperature on the exchange capacity the 
material was heated at different temperatures for 1 hour each in a muffle furnace. 
The results are summarized in table 2.4. 
Distribution studies 
The distribution coefficients (Kd) of metal ions on zirconium (IV) 
iodotungstate were determined by the batch method in various solvent systems. The 
0.4g exchanger in H"^  form was equilibrated with 0.05 mmole metal ion solution in an 
Erlenmeyer flask with continuous shaking for 4 h at 25+l°C. The amount of metal ion 
left in the solution was determined by titrating against standard solution of the 
disodium salt of ethylenediaminetetraacetic acid (EDTA). The distribution coefficient 
was calculated using the following equation. 
J. mmoles of metal species/g of exchanger 
mmoles of metal species/ml of solution 
Quantitative separations of metal ions 
Quantitative separations of metal ions were achieved on columns having an 
internal diameter of 0.6 cm. The packed column was washed thoroughly with DMW 
and mixture of two metal ions to be separated was loaded on it, maintaining a flow 
rate of 2-3 drops per minute. After recycling two or three times to ensure complete 
adsorption of the mixture on the column bead, the metal ions were eluted by passing a 
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suitable electrolyte solution through the column. The metal ions in the effluent were 
determined titrimetrically using standard disodium salt of EDTA. 
Different amounts of Pb has been selectively separated from a synthetic 
mixture of Mn^ ^ (0.549 mg) Ni^ ^ (0.587 mg), Zn^ ^ (0.654 mg), Cd^ ^ (1.24 mg) and 
Al^ ^ (0.269 mg). Hg^ * from a synthetic mixture of Ni^ ^ (0.587 mg), Co^ ^ (0.589 mg), 
Mn^ "^  (0.549 mg ). 10 ml solution of the mixture was transferred into the column and 
allowed to pass through slowly, then water is percolated through the column it elutes 
Mn^ ,^ Ni^ ,^ Zn^ ,^ and Cd^ * together in the first 60 ml fraction of effluent. The Pb^ * 
which was retained strongly by the exchange was then eluted with O.IM HCL 
solution. Selective separation of Hg^ * from a mixture of other metal ions was also 
achieved in a similar manner. The results are summarized in tables 2.7 and 2.8. 
For determinations of Al and Mg in pharmaceutical preparation, three 
tablets of Gelusil MPS were digested with 2 ml of concentrated HNO3 in a beaker and 
slowly increasing the temperature until a solid residue remained. After cooling to 
room temperature, the residue was dissolved in 20 ml of concentrated HNO3. The 
solution was gently evaporated till a residue was again left. It was again digested with 
50 ml of distilled water. Few drops of concentrated HNO3 was added to obtain a clear 
solution. Sample preparation of Acidin MPS and Logascid was also done following 
the same procedure. An aliquot of sample (0.2-1.5ml) was loaded onto separate 
columns each containing 2.0g exchanger. DMW was then run through the column at a 
constant flow rate of 1ml / min till Al''"^  ions were completely eluted. At this stage the 
effluent was checked for the absence of Al^ ^ ^ and Mg^ "^  ions. Mg^ "^  ions which were 
strongly held by the exchanger was then recovered by passing a solution of 0.1 M 
HCL through the column. The separated fractions of Al^ "^  and Mg^ ^ were then 
determined titrimetrically using 0.0 IM EDTA solution. The results reported in table 
2.9 were checked by three replicate runs. 
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RESULTS AND DISCUSSION 
Table 2.1 describes the preparation of samples of zirconium (IV) iodotungstate 
under varying conditions. 
It is apparent from the table that the order of mixing affects the lEC which is 
higher when mixture of iodate and tungstate is added to zirconium (IV) oxychloride 
solution. On increasing the tungstate content in the mixture increases the ion 
exchange capacity of the material, while increasing the iodate composition has no 
significant effect. Adjusting the pH of either the mixture of tungstate and iodate or 
zirconium by adding HCL before mixing have no significant effect on ion exchange 
capacity. Refluxing the bulk mixture neither improves the yield nor the exchange 
capacity. Sample ZIW-2 was chosen for detailed studies owing to its higher ion 
exchange capacity and chemical stability. 
Data from table 2.2 reveal that the ion exchange capacity for alkali metals 
increases from Na"^  to K"*" due to a decrease in their hydrated ionic radii as expected. 
According to Bom, Kossel, Goldschmidt and others, the attraction between anions 
and cations in ionic crystals, obeys coulombs law which demands that for cations of 
equal charge a small ion be attracted with a greater force and held more tightly than a 
large ion. Strangely enough the alkaline earth metals exhibit a reverse trend except for 
barium ion. This is similar to the investigation reported by Nachod and Wood for the 
exchange of alkali and alkaline earth metal ions on a carbonaceous zeolite. Perhaps 
factors other than ionic radius are responsible for this unusual uptake of ions. 
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Table 2.1 Synthesis and few properties of zirconium (IV) iodotungstate 
Sample 
ZIW-1 
ZIW-2 
ZIW-3 
ZIW-4 
ZIW-5 
ZIW-6 
ZIW-7 
ZIW-8 
ZIW-9 
ZIW-10 
Mixing 
ratio 
Z:I:W 
1:1:1 
1:1:2 
1:2:1 
1:1:1 
1:1:2 
1:2:1 
1:2:2 
1:2:2 
1:2:2 
1:2:2 
Order of mixing 
Z is added to mixture 
ofI and W 
Z is added to mixture 
of I and W 
Z is added to mixture 
of I and W 
Mixture of I and W is 
added to Z 
Mixture of I and W is 
added to Z 
Mixture of I and W is 
added to Z 
Z is added to mixture 
of I and W 
Adjusted the pH of 
mixture (I and W) and 
Z is added 
Mixture of I and W is 
added to Z 
Adjusted the pH of Z 
then mixture (I and W) 
is added 
lEC for K+ 
ion (meq/g 
exchanger) 
0.54 
0.80 
0.66 
0.44 
0.72 
0.60 
0.68 
0.70 
0.72 
0.68 
Appearance of 
beads after drying 
at 50+2 "C 
Light yellow 
Dark brown 
Off white 
Dark brown 
Light yellow 
Light yellow 
Off white 
Very light pink 
White 
White 
ZIW-11 1:2:2 12 hour refluxed 0.54 Yellow 
ZIW-12 1:2:2 24 hour refluxed 0.38 Light yellow 
Concentration of Z (zirconium (IV) oxychloride), I (potassium iodate) and W (sodiimi 
tungstate) was 0.2 M and pH was adjusted to 1+ 0.05 
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Table 2.2 Ion-exchange capacity of zirconium (IV) iodotungstate for various metal 
ions 
Metal ions 
Na^ 
r 
Mg^^ 
Ca^ ^ 
Sr^ ^ 
Ba^ ^ 
Hydrated ionic radii 
Table 2.3 Chemical stability of: 
Solution 
DMW 
0.5 M HCl 
I.OMHNO3 
1.0 M Formic acid 
I.OMNH4CI 
10%DMSO 
0.05 M NaOH 
7.90 
5.30 
10.80 
9.60 
9.40 
8.80 
(A") lEC (meq/g exchanger) 
0.64 
0.80 
0.68 
0.46 
0.44 
0.58 
zirconium (IV) iodotungstate in different solutions 
Amount released mg/50ml 
Zr(IV) 
0.00 
2.50 
6.00 
3.00 
2.50 
0.25 
26.50 
IO3 
0.15 
9.10 
14.05 
8.30 
6.00 
1.35 
2.50 
WO4 
0.05 
6.00 
6.50 
6.00 
5.50 
0.45 
33.05 
75 
pH 
0.0 0.5 1.0 1.5 
meq of OH' added / 0.5 g exchanger 
Fig. 2.1 pH titration curve of zirconium(IV)iodotungstate 
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The pH titration study (fig.2.1) reveals monofunctional weak acid behaviour 
of the material and the exchange capacity was found to be 0.60meq/g for K"^  which is 
in close agreement with capacity data from column mthod. 
The results in the table 2.3 indicate that the material is fairly stable in lower 
concentrations of HCl, HNO3, NH4CI, dimethyl sulphoxide (DMSO) and also quite 
stable in organic acids like formic acid. Howver the material is attacked by alkali and 
dissolves completely in higher concentrations of common alkalis. 
The FTIR spectnmi (fig. 2.2) of zirconium (IV) iodotungstate in H"^  form 
shows a broad but strong peak in the region 3500-3000 cm"' which represent 0-H 
stretching of lattice water molecule [25]. Another strong and sharp peak at 1650 cm"' 
may be due to H-O-H bending. A sharp peak in the region 550-500 cm'' may be 
ascribed to the coordinated lOa'group. Spectrum also shows broad and weak bands in 
the region 830-780 cm'' and 900-825 cm"' which can be assigned to the presence of 
W04"and metal oxide groups respectively [26-28]. 
Thermograms of zirconium (IV) iodotungstate (fig. 2.3) shows some interesting 
features. The derivative curve exhibits three peaks with Tmax atl21.3°C, 379.0°Cand 
585.9°C corresponding to three distinct weight losses. The external water molecule is 
lost up to 150*^ 0 as indicated by the first peak of the derivative curve which 
corresponds to a weight loss of 10%. The loss in weight is observed from 150°C to 
401.86°C owing to the volatilization of lOf groups [13] and condensation of OH 
molecules. The corresponding weight loss is 2.7 %. The weight loss beyond 401.86°C 
which continues up to 690°C due to decomposition of tungstate group. This has been 
indicated by another peak with a Tmax at 585.9°C. The weight becomes almost 
constant above 690''C owing to the formation of metal oxides as final product. The 
ion exchange capacity data given in table S^ l^ lso justify the loss of iodate and tungsten 
as the ion exchange capacity (for Mg^ "^ ) of the material dried at 400°C and 600°C 
decreases to 0.48 meq/g and 0.32meq/g respectively. 
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On the basis of chemical composition, pH-titration, FTIR and TGA studies, a 
tentative formula for zirconium (IV) iodotungstate may be written as 
[(Zr02)4 (HI03)3 (H2W04)2] nH20. It was observed from thermogravimetric analysis 
that the weight loss due to the presence of water molecules in the gel is 10%. The 
number of such molecules (n) per mole of exchanger can be computed from Alberti's 
equation [29]. 
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Where X is the percent water content and M+18n, is the molecular weight of the 
material. It gives the value of'n' as 9.38. 
X-ray diffraction study of zirconium (IV) iodotimgstate characterize the 
matrial as amorphous. 
It is clear from table 2.5 that Kj values vary with the composition and nature of 
the solvent system. Increase in concentration of hydrochloric acid decreass the Kd 
values as expected. Kd- values of almost all the metal ions are high in DMSO as 
compared to other solvent systems studied. DMSO plays a very important role in 
reflecting differential behaviour of metal ions towards ion exchange material. The 
Pb^*, Hg^ "^ , Bi^ "^  and Zr'^ "^  have high Kd values in almost all the solvent systems 
studied. However, Zn^ ,^ Ni^ ,^ Al^ ,^ Cd^ ^ and Cu^ ^ have low Kd values. 
On the basis of distribution studies, the most promising feature of this material 
is its selectivity for Pb^ "^ and Hg^ ^ in DMSO and DMW mediimi which are major 
polluting metals. The potential of this material has been demonstrated by achieving 
"y I "^  I T-i- T-l- 'i-^-
some important binary separations on its column such as Zn -Pb , Ni -Pb , Al -
Pb^^ Cd^*-Pb^\ Ni^ -^Bi^ ^Cd^ -^Hg^^ and AP^-Hg^^ The details of separations are 
summarized in table J?;/'These separations can be utilized in the removal of particular 
metal ions which may interfere in the determination of certain other metal ions. 
Different amounts of lead and mercury have been selectively separated from synthetic 
mixtures containing other metals. "^ • A*?? ) M 
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o 
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V) 
c 
a 
4000 3500 3000 2500 2500 1500 
Wavenumber (cm" ) 
1000 500 
Fig. 2.2 FTIR spectrum of zirconium(lV) iodotungstate 
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50.00 150.00 240.00 330.00 420-00 510.00 600.00 590.00 780.00 870.00 
0 
Temperature ( C) 
Fig. 2.3 Thermograms of zirconium(IV) iodotungstate 
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Table.2.4 Effect of drying on ion-exchange capacity and color of zirconium 
(IV)iodotungstate 
Heating temperature "C 
50 
100 
200 
300 
400 
500 
600 
700 
800 
Ion-•exchangecapacity 
meq/g dry exchanger 
(for Mg ^^ ) 
0.68 
0.68 
0.66 
0.60 
0.48 
0.42 
0.32 
0.30 
0.24 
Color 
White 
Off white 
Light brown 
Very light brown 
Brown 
Pale yellow 
Light pink 
Pink (brownish pink) 
Pink 
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Table 2.5 Distribution coefficients of metal ions on zirconium (IV) iodotungstate in 
different solvent systems. 
Metal 
ion 
Mg^^ 
Ca^" 
Sr^" 
Ba^^ 
Zn^^ 
Cd^" 
Cu^" 
Ni^ ^ 
Pb^" 
Al^" 
Hg^^ 
Bi^ ^ 
Co^^ 
Fe^^ 
Zr^ ^ 
Th'" 
La^ ^ 
Mn'" 
DMW 
189.88 
55.55 
44.44 
200.00 
20.00 
46.66 
75.00 
10.82 
550.00 
22.22 
400.00 
500.00 
30.00 
300.00 
250.00 
180.00 
71.42 
30.00 
O.OIM 
HCl 
23.07 
18.18 
30.00 
37.50 
18.18 
16.60 
16.66 
8.33 
116.6 
18.18 
300.00 
400.00 
18.18 
100.00 
250.00 
150.00 
33.33 
8.33 
0.1 M 
HCl 
16.66 
0.00 
27.07 
23.07 
0.00 
21.40 
7.67 
0.00 
10.00 
11.11 
0.00 
0.00 
0.00 
25.00 
250.00 
133.33 
0.00 
7.69 
0.05M 
NH4CI 
8.33 
7.69 
23.07 
50.00 
70.00 
0.00 
7.64 
0.00 
300.00 
0.00 
0.00 
400 
7.69 
150 
700 
300 
44.44 
16.66 
10% 
DMSO 
127.27 
100.00 
55.55 
200.00 
22.22 
0.00 
33.33 
16.66 
600.00 
20.00 
1200.00 
71.42 
150.00 
379.58 
258.98 
160.00 
116.66 
27.27 
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Table2.6 Quantitative separations of metal ions on zirconivim (IV) iodotungstate column 
Metal ions 
Zn^^ 
Pb'" 
Ni^ ^ 
Pb'" 
Al^ ^ 
Pb^" 
Cd'" 
Pb^" 
Ni^^ 
Bi^ ^ 
Cd^" 
Hg^^ 
Al^" 
Hg^^ 
AP^ 
Mg^^ 
Amount 
Loaded 
(mg) 
0.65 
2.07 
0.58 
2.07 
0.26 
2.07 
1.12 
2.07 
0.58 
2.08 
1.12 
2.00 
0.26 
2.00 
0.26 
0.24 
Amount 
Found 
(mg) 
0.62 
2.07 
0.54 
2.00 
0.25 
2.03 
1.07 
2.06 
0.53 
1.88 
1.07 
1.96 
0.25 
1.92 
0.24 
0.23 
% 
Recovery 
95.00 
100.00 
93.00 
97.00 
93.00 
98.00 
95.99 
99.8 
91.99 
90.00 
96.00 
97.99 
93.99 
95.87 
92.30 
95.83 
Eluent 
used 
DMW 
O.lMHCl 
DMW 
O.lMHCl 
DMW 
O.lMHCl 
DMW 
O.lMHCl 
DMW 
O.lMHCl 
DMW 
O.lMHCl 
DMW 
O.lMHCl 
DMW 
O.lMHCl 
Volume of 
eluent 
(ml) 
50 
60 
40 
60 
50 
70 
70 
50 
40 
50 
70 
50 
50 
60 
50 
55 
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3+ XT; 2+ i,.2+ Table 2.7 Selective separation of Hg from a synthetic mixture of Al ,Ni , Mn' 
and Co^ "^  on zirconium(IV) iodotungstate column 
Amount of 
Hg^ * loaded 
(mg) 
Amount of 
Hg^ * found 
(mg) 
% Recovery Eluent used 
Volume of 
eluent 
(ml) 
6.02 5.92 98.43 O.lMHCl 50 
10.03 9.74 97.15 O.lMHCl 55 
14.04 13.61 97.00 O.lMHCl 60 
Table 2.8 Selective separation of Pb from synthetic mixture of Zn , Cd ,Ni and 
Mn on zirconium(IV) iodotungstate column 
Amount of 
Pb^ loaded 
(mg) 
Amount of 
Pb^ found 
(mg) 
% Recovery Eluent used 
Volume of 
eluent 
(ml) 
4.14 4.00 96.62 O.lMHCl 60 
8.29 8.29 100.00 O.lMHCl 65 
12.43 11.86 94.41 O.lMHCl 70 
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Table 2.9 Column chromatographic separation of AP'^ and Mg^ * in three pharmaceutical 
preparations on zirconium (IV) iodotungstate. 
Tablet; 
Metal ions 
Gelusil MPS 
AP^ 
AI^ ^ 
AP^ 
Mg2^ 
Mg^^ 
Mg^^ 
Acidin MPS 
Al^ ^ 
Al^ ^ 
Al^ ^ 
Mg^^ 
Mg^^ 
Mg^^ 
Logascid 
Al^ * 
Al^ ^ 
AP^ 
Mg^^ 
Mg2* 
Mg^^ 
Amount 
loaded 
(mg) 
1.02 
2.04 
2.06 
0.65 
1.30 
1.95 
0.78 
1.30 
2.59 
0.63 
1.55 
2.50 
1.04 
2.07 
3.11 
0.50 
1.25 
2.00 
Amount 
found 
(mg) 
1.01 
2.01 
2.98 
0.65 
1.27 
1.86 
0.77 
1.28 
2.54 
0.62 
1.53 
2.44 
1.03 
2.05 
3.10 
0.49 
1.23 
1.96 
RSD 
(%) 
2.83 
2.58 
2.52 
3.12 
2.00 
2.84 
3.51 
2.94 
2.12 
3.00 
2.75 
2.06 
3.74 
2.91 
4.03 
2.55 
2.93 
3.44 
Recovery 
(%) 
99.03 
98.52 
97.39 
100.00 
97.69 
95.39 
98.72 
98.46 
98.07 
98.41 
98.71 
97.60 
99.04 
99.03 
99.68 
99.20 
98.40 
98.00 
Volume 
of eluent 
(mL) 
50.0 
60.0 
70.0 
35.0 
45.0 
50.0 
50.0 
60.0 
70.0 
35.0 
45.0 
50.0 
50.0 
60.0 
70.0 
35.0 
45.0 
50.0 
Eluent used 
DMW 
DMW 
DMW 
O.lMHCl 
O.lMHCl 
O.IMHCI 
DMW 
DMW 
DMW 
O.lMHCl 
O.lMHCl 
O.lMHCl 
DMW 
DMW 
DMW 
O.lMHCl 
O.lMHCl 
O.lMHCl 
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A promising feature of these selective separations is that Pb^ "^  and Hg^  could be 
recovered at more than 95% using a common mineral acid HCL. Thus, the material 
can be used to remove Pb^ ^ and Hg^ ^ selectively from the wastewater and industrial 
effluent. 
CONCLUSION 
A new amorphous ion exchanger, zirconium (IV) iodotimgstate, has been 
synthesized which exhibits acidic monofunctional cation excheinge properties. Its 
cation exchange capacity is found to be highest 0.68 meq/g for Mg^^ .As evident from 
ion exchange capacity data that the material can be safely used upto 200 °c without 
loss of exchange capacity. On the basis of differences in IQ values of metal ions, a 
few binary separations of metal ions of analytical interest have been achieved 
quantitatively utilizing the columns of this material. It can also be used for the 
removal of Pb^ a^nd Hg^ "^  from water and waste effluent from industries. The 
potentiality of the material can further be explored for other applications in various 
fields. 
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Chapter 3 
Column Chromatographic Separations of Metal Ions 
on l-(2-pyridylazo)-2-napthol Modified Amberlite IR-
120 Resin 
INTRODUCTION 
The use of metal ions in various industries has increased substantially over the 
years resulting in pollution of water resources by industrial effluents. Toxic metals are 
non-biodegradable and tend to accumulate in the vital organs of human and aquatic 
lives where they can act progressively over a long period causing toxicity. Removal of 
toxic metal ions and recovery of precious metal ions in terms of environmental 
protection and economic consideration are of great significance. The direct 
determination of metal ions in potable and saline matrices is not always possible even 
when modem instrumental methods are employed because of very low concentration 
and matrix effects. The matrix effects become more prominent when the limitations of 
sophisticated analytical devices go unheeded (1). Hence it often requires 
preconcentration and separation of specific metal ions fi:om various complex matrices 
prior to its determination of the analytical techniques for preconcentration and 
separation, solid phase extraction and ion exchange have been preferred over 
conventional solvent extraction and co-precipitation. As markedly lower quantity of 
reagents required, solid phase can be repeatedly used and higher concentration 
factors, simplicity in handling and transfer are fi-equently quoted as an advantage 
(2,3). Sorption and ion exchange have been studied for different analytical 
applications (4 -7) using various support materials. 
In solid phase extraction, various support materials such as ion exchange 
resins (8-13) activated carbon (14, 15 ), silica gel (16, 17 ) and polyurethane foam 
(18,19 ) have been used as it is or after modification by physical or chemical 
treatments with a large number of complexing reagents in chelating resins. Active 
ftinctional groups of the ligand moeity are responsible for the selective chelation with 
the metal ions whereas macroporous polymeric support offers large surface area. 
A variety of chelating resins have been synthesised in our laboratory by 
incorporating complexing agents such as bromophenol blue (20), Eriochrome black T 
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(21 ) Congo red (22) , alizarin red-S (23) and crystal violet (24) onto ion exchange 
resins and they have been successfully used for the separations of Hg^ "^  and Cr''"^  from 
other metal ions. The strong metal complexing property of 1-(2-pyridyalazo)-2-
napthol is well reported and its application as ligands in heavy metal determination in 
the preparation of chelating resins will be the advantage. It was therefore, thought 
worthwhile to use PAN as complexing ligand for the selective separation of metal 
ions on strong cation exchange resin. An effective analytical method for the 
separation of Hg^ ^ and Zn^ "^  from a mixture of other metal ions was presented. The 
aim of this chapter is to describe an effective analytical method for separating Fe^ "^  
and Zn^ * and their determination in the commercially available pharmaceutical tablets 
namely Fesofor-Z and FE-Z. 
90 
EXPERIMENTAL 
Apparatus 
Spectrophotometer (Spectronic 20 Genesis, U. S. A.), digital pH meter (Elico-
Ll lOT, India) and a temperature-controlled shaker were used. 
Reagents and solutions 
Amberlite IR-120 resin (mesh size 16-45, 8% divinyl benzene by weight) in 
hydrogen ion form (BDH, England), l(2-Pyridylazo)-2-napthol (PAN) (Merck, 
Germany), disodium salt of ethylenediamintetraacetic acid (EDTA) (SD fine 
chemicals, India) and all other reagents used were of analytical reagent grade. 
Demineralized water (DMW) has been used throughout. Nitrate salts of all the metal 
ions were used to prepare O.IM aqueous solutions except Zr'*"^ , Mn^ *, Zn^ "^  for which 
chloride salts and sulphate salts of Fe^ "^  have been taken. Solution of PAN was 
prepared in the mixture of methanol and DMW in the ratio of 3:2. Nutritional 
supplement pharmaceutical preparations Fesofor-Z ((ferrous sulphate 150 mg/tablet, 
zinc sulphate monohydrate 61.8 mg/tablet) and FE-Z ( ferrous sulphate 200 
mg/tablet, zinc sulphate monohydrate 36 mg/tablet) by Smithkline Beecham (India) 
and Mapra (India) respectively were used. 
Study of adsorption isotherms of PAN on Amberlite IR 120 resin 
Kinetics of adsorption 
The rate of uptake of PAN on the resin was studied by batch method at pH-
6.0. The resin beads (0.5 g) were equilibrated with 50 ml PAN solution (16.0 xlO"^  \i 
mol ml") in an electric shaker at temperature of 30± 2 °C for 1 to 6h. The amount of 
PAN taken up was determined by analyzing the supernatant solution 
spectrophotometrically at 470 nm. The results are shown in fig.3.1. 
Effect of concentration 
Adsorption of PAN was examined at pH-6.0 by equilibrating 0.5g of resin in 
H^ form with 50 ml of different concentrations of PAN (1.6x10"^-16.0x10"^ lamol ml" 
) for 4 h at temperature 30± 2°C. The uptake of PAN by the resin phase was 
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determined by the procedure described earlier. The adsorption isotherm is shown in 
fig.3.2 
Effect of pH 
Effect of pH has also been studied in order to choose optimum pH for 
maximum adsorption at 30± 2°C. 0.5g resin was stirred for 4 h with the constant 
concentration (16.0 xlO" |^amol ml"') of PAN at different pH ranging from 1 to 10. The 
pH of the solutions was adjusted by adding NaOH or HCl. The equilibrium 
concentration of the PAN in the supernatant solution was determined 
spectrophotometrically as described above at 430 nm for solution in the pH range 1 -
4 and at 470 nm for solutions in the pH range 5 - 10.The results are reported in fig.3.3 
Recommended method for the preparation of PAN modified resin 
The resin, loaded with PAN (abbreviated hereafter) was prepared by treating 
Amberlite IR-120 resin (50.0g) in H^ form with 500 ml solution of (3.2 xlO'^ ^mol 
ml'') at pH 6.0. The contents were kept for 24 h with intermittent shaking at 30± 2°C 
to ensure the maximum sorption of PAN. The PAN resin was filtered under suction 
and washed several times with demineralised water to remove the excess reagent. It 
was finally dried in an oven at 50±2°C for 4 and used for fiirther studies. 
Distribution coefficients (Kd) of metal ions 
The distribution coefficients (Kd) of metal ions on the modified resin were 
determined by batch method at 30±2°C. The 0.4g of PAN modified resin was stirred 
continuously with 40 ml solution of concerned metal ion ( 2.5 xlO'^ moles L"') in 
appropriate solvent for 6 h in a shaker incubator. The amount of metal ion present 
before and after equilibrium was determined titrimetrically by standard method [25] 
using EDTA as titrant. The Kd values reported in table 3.1 were calculated by using 
the following formula. 
„ _ mmoles of metal ions / g of exchanger 
mmoles of metal ions / ml of solution (after sorption) 
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Quantitative separation of metal ions 
The elution technique was used for the quantitative separation of metal ions. 
The binary mixture of metal ions (1.0 xlO*' moles L"') was poured onto a glass 
column (height 35 cm; internal diameter 0.8 cm) containing 2.0g PAN modified resin. 
It was then allowed to pass through the column with a flow rate of 0.5ml/min. The 
mixture forms the initial zone at the top of the bed. The elution of metal ion was done 
with appropriate eluting reagent in the usual maimer keeping the constant flow rate of 
Iml/min throughout the elution process. The eluted metal ion was determined 
titrimetrically as described earlier (25). Table 3.2 describes the results of some 
important quantitative binary separations of metal ions. The selective separation of 
Zn^ "^  and Hg^ "^  from a synthetic mixture containing other metal ions were achieved by 
loading different amount of Zn^^ with Cu^^ Ni^^, Al^^, Pb^^ Zr^ ^ and Hg^^ with Zr'*^ ' 
Pb^ "^ ' Bi^ "^ ' Co^ "^ , La^ "^ . The resuhs of these separations are presented in Table 3.3 and 
3.4. 
For the determination of Fe^ "^  and Zn^ "^  in pharmaceutical preparation three 
Fesofor-Z tablets were powdered and treated with a mixture of 12 ml concentrated 
HCI and 4 ml concentrated HNO3. The mixture was heated till nitric acid fumes 
disappear. It was then filtered and the clear solution was diluted to 100 ml with 
demineralized water. Sample preparation of FEZ-Z was also done following the same 
procedure. An aliquot of sample (l-3ml) was loaded onto separate columns each 
containing 2.0g of PAN modified resin. 2% aqueous solution of DMSO was then run 
through the column at a constant flow rate of 1ml/ min till Fe^ "^  ions were completely 
eluted. At this stage the effluent was checked for the absence of Fe^ "^  and Zn^ "^ . Zn^ "^  
ions which were strongly held by the resin is then recovered by passing a solution of 
0.1 M HNO3 through the column. The separated fractions of Fe^ "^  and Zn^ "^  were then 
determined titrimetrically using 0.01 M EDTA solution. The results reported in table 
3.5 were checked by three replicate runs. 
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RESULTS AND DISCUSSION 
Kinetic studies shows that the time required to reach the equiUbrium in the 
sorption of PAN by the resin was found to be 4 h and adsorption becomes almost 
constant thereafter (fig.3.1). Hence, 4 h has been chosen as equiUbrium time to ensure 
the complete sorption throughout the sorption experiment. 
The adsorption isotherm (fig.3.2) of PAN on the resin shows almost a straight 
line and follows Langmuir isotherm. Near quantitative uptake of PAN was found up 
to the concentration of 9.6 xlO" |amol ml" . Further increase in the concentration gives 
a maximum uptake (8.70 |imol g'') of PAN. The maximum sorption of PAN was 
found to be in the pH region 5-7. The pH 6.0 was, therefore, selected for preparing 
PAN modified resin. It can be concluded that PAN containing three aromatic rings 
attached to the styrene skeleton of resin by physical adsorption. The n-n dispersion 
forces arising from the aromatic nature of the resin and PAN seems to be responsible 
for this sorption. 
Distribution coefficient (Ka) values in different solvent systems (table3.1) 
show that PAN modified resin exhibits a differential selectivity for metal ions. It 
might have two reasons. The chelate forming azo groups possessed by PAN modified 
resin form metal complexes with various metal ions having different stability 
constants. The more stable the complex formed, higher will be IQ value. Secondly the 
ease of complexation of metal ions with the dye is greatly affected by the nature of the 
solvent systems resulting in varying degree of uptake of metal ions by the resin. 
Aqueous solution of 2% DMSO shows usually higher Kj values as compared to other 
solvent systems studied except for Ni , Pb , Co and La . It has been observed that 
by increasing the concentration of DMSO fi'om 2% to 5% substantially enhances the 
retention of metal ions, but further increase in DMSO concentration from 5% to 10% 
reversed the trend. On mixing 10% DMSO with 0.1 M HNO3, ftirther decrease in K<) 
values were observed. The large variation in Kd values for different metal ions is most 
probably due to the difference in the stability constant of the metal complex formed in 
DMSO. The high dielectric constant and excellent solvating properties of DMSO 
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(26, 27) favour the formation of metal complexes. It has been observed that the 
sorption of almost all the metal ions studied except Hg^ "^  in 0.1 M NH4CI is higher 
than in congored (22) and alizarin red S (23) sorbed Amberlite IR 400 anion exchange 
resins. 
On the basis differene in K<i values, a number of binary separations have been 
achieved on this material selecting appropriate solvent systems (table 3.2). The 
practical utility of these separations has been demonstrated separating Zn and Hg 
from synthetic mixtures of metal ions (table 3.3 and 3.4) and Fe and Zn in 
pharmaceutical tablets (table 3.5). The elution curves are also shown in fig. 3.4-3.12 
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Table 3.1 Distribution coefficient of metal ions using column of PAN modified resin 
Metal 
ions 
Mi' 
C^ 
s?' 
Ba^" 
Zn^^ 
Cd'" 
Mn^" 
Cu^^ 
Ni^ ^ 
Pb'" 
Hg^^ 
Fe^^ 
AP^ 
Zr''^  
Th'" 
Bi^ ^ 
Co^^ 
La^ ^ 
S I 
1.98 
1.40 
1.46 
1.97 
2.00 
1.30 
1.48 
1.28 
1.41 
4.38 
7.52 
3.17 
1.48 
6.00 
5.09 
2.56 
2.70 
1.05 
S2 
7.64 
1.20 
1.30 
1.20 
8.89 
3.95 
6.45 
1.78 
3.07 
3.76 
-
1.25 
2.39 
1.37 
1.81 
9.25 
1.76 
3.25 
S3 
1.49 
1.48 
2.02 
2.78 
1.63 
6.71 
1.59 
3.45 
2.34 
3.467 
-
5.90 
1.05 
2.34 
1.12 
-
4.50 
9.69 
S4 
3.80 
2.40 
3.50 
3.45 
3.04 
2.62 
2.92 
2.75 
3.49 
3.30 
4.00 
2.00 
1.61 
6.64 
2.80 
2.84 
2.56 
1.15 
S5 
3.90 
2.86 
4.55 
4.30 
4.95 
3.33 
4.55 
1.18 
3.50 
3.98 
4.05 
4.50 
4.60 
7.37 
8.00 
2.05 
2.87 
1.47 
S6 
1.18 
4.69 
3.24 
3.96 
3.02 
3.17 
5.24 
2.85 
2.90 
3.09 
1.78 
1.28 
1.37 
4.04 
1.21 
6.97 
2.80 
1.43 
S7 
1.85 
2.25 
2.74 
2.40 
1.81 
1.78 
1.56 
1.42 
1.63 
2.78 
1.59 
7.55 
9.19 
2.96 
3.28 
8.12 
1.21 
7.54 
S8 
1.72 
2.2 
2.16 
2.45 
1.57 
2.23 
1.84 
1.86 
1.99 
2.37 
1.47 
8.59 
1.04 
3.33 
5.61 
4.64 
1.58 
1.40 
- Couldnt be titrated due to the formation of ppt 
Si Demineralised water 
S2: 0.1 M Hydrochloric acid 
S3: 0.05 M hydrochloric acid + 0.1 M Ammonium chloride (1:1 v/v) 
S4: 2% DMSO 
S5: 5% DMSO 
S(,: 10% DMSO 
S7:0.1MHNO3 
Sg: 0.1 M HNO3 + 10% DMSO 
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Table 3.2 Binary separations of metal ions using column of PAN modified resin 
Metal ion 
mixture 
Zr^ ^ 
Hg^^ 
Cu^^  
Hg^^ 
Bi^ ^ 
Hg^^ 
La^ ^ 
Hg^^ 
Ni^ ^ 
Zn^^ 
AP^ 
Zn^* 
La^ ^ 
Zn^^ 
Co^^ 
Zn^^ 
Fe^^ 
Zn^^ 
Amount 
loaded 
(mg) 
9.12 
20.05 
6.35 
20.05 
20.8 
20.05 
13.89 
20.05 
5.86 
6.53 
2.69 
6.53 
13.89 
6.53 
5.89 
6.53 
5.58 
6.53 
Amount 
found 
(mg) 
8.57 
19.65 
6.29 
19.25 
20.06 
18.65 
12.91 
19.45 
5.63 
6.14 
2.29 
6.27 
13.47 
6.21 
5.48 
6.47 
5.5 
6.46 
Recovery 
(%) 
93.96 
98 
99.05 
96 
99.9 
93.01 
92.94 
97 
96.07 
94.02 
85.13 
96.01 
96.97 
95.09 
93.03 
99.08 
98.56 
98.92 
Volume of 
eluent 
(ml) 
50.00 
70.00 
60.00 
80.00 
70.00 
70.00 
60.00 
70.00 
60.00 
70.00 
70.00 
80.00 
50.00 
70.00 
60.00 
70.00 
60.00 
65.00 
Eluent 
used 
2 % DMSO 
0.1MHNO3 
2 % DMSO 
0.1MHNO3 
2 % DMSO 
0.1MHNO3 
2 % DMSO 
0.1MHNO3 
2 % DMSO 
0.1MHNO3 
2 % DMSO 
0.1MHNO3 
2 % DMSO 
0.1MHNO3 
2 % DMSO 
0.1MHNO3 
2 % DMSO 
0.1MHNO3 
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Table 3.3 Separation of Hg^ * from synthetic mixture of metal ions using column of 
PAN modified resin 
Amount of *Amount 
Hg'" ofHg'" 
loaded found 
RSD ecovery 
(%) 
96.75 
99.12 
97.09 
Volume of 
eluent 
(ml) 
60 
65 
70 
Eluent 
used 
0.1 M 
HN03 
0.1 M 
HN03 
0.1 M 
HN03 
(mg) 
4.01 
8.02 
12.03 
(mg) 
3.88 
7.95 
11.68 
(%) 
0.91 
1.26 
1.44 
Mean of three replicate determinations 
Table 3.4 Separation of Zn * from synthetic mixture of metal ions using colunm of 
PAN modified resin 
Amount of ^Amount 
Zn *^ ofZn^^ RSD Recovery 
loaded found 
(mg) (mg) (%) (%) 
Volume of 
eluent 
(ml) 
50 
55 
70 
Eluent 
used 
0.1 M 
HN03 
0.1 M 
HN03 
0.1 M 
HN03 
3.92 
5.23 
6.53 
3.87 
5.03 
6.53 
1.61 
3.03 
0.54 
98.72 
96.17 
100.00 
* Mean of three replicate determinations 
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Table 3.5 Separation of Fe^ "^  and Zn^ "^  in two pharmaceutical preparations by column 
chromatography using PAN modified resin 
Sample; 
metal 
ions 
Fesofor-Z 
Fe^^ 
Fe^" 
Zn^^ 
Zn^^ 
FE-Z 
Fe^^ 
Fe^^ 
Zn^^ 
Zn^^ 
Amount 
loaded 
(mg) 
1.35 
4.05 
0.67 
2.02 
1.98 
3.96 
0.79 
1.18 
Amount 
found 
(mg) 
1.32 
3.9 
0.66 
2.00 
1.96 
3.94 
0.78 
1.17 
RSD 
(%) 
2.85 
4.4 
6.06 
5.00 
1.83 
1.74 
4.46 
1.29 
Recovery 
(%) 
97.77 
96.29 
98.50 
99.00 
98.99 
0.49 
98.73 
99.15 
Volume 
of eluent 
(ml) 
60.00 
80.00 
50.00 
60.00 
60.00 
70.00 
50.00 
60.00 
Eluent 
used 
2% 
DMSO 
2% 
DMSO 
0.1 M 
HNO3 
0.1 M 
HNO3 
2% 
DMSO 
2% 
DMSO 
0.1 M 
HNO3 
0.1 M 
HNO3 
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CONCLUSIONS 
PAN modified Amberlite IR-120 resin has been found to exhibit differential 
selectivity for metal ions. Hence the material appears to be useful for solving 
problems of metal ions separation. It has been successfully used for the separation of 
Zn^ "^  and Hg^ ^ from synthetic mixtures of other metal ions by column 
chromatography. Assay of Zn^"*^  and Fe^ "^  in commercially available pharmaceutical 
tablets has also been checked. 
This material can fiirther be exploited for the preconcentration and separation 
of metal ions from industrial effluents and other matrices. 
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Chapter 4 
Synthesis and Characterization of Tin(IV) 
lodovanadate and its use as Electron Exchanger 
INTRODUCTION 
There have been continuous efforts to improve the chemical, thermal and 
mechanical stabilities of ion-exchangers. The extensive studies on the synthetic 
inorganic ion exchangers have proved their potential in solving diverse problems of 
analytical and environmental chemistries (1-4). Inorganic ion exchangers are widely 
used in nuclear engineering such as for waste disposal, fuel processing enrichment 
and purification of useful radioactive isotopes because of the selectivity and 
completeness of the separation that may be obtained (5). The inorganic ion 
exchangers of three components have been found to show relative increased ion 
exchange capacity and selectivity (6-9). A literature survey reveals that the tin (IV)-
based inorganic ion exchangers (10-13) possess a greater thermal and chemical 
stability as compared to the other materials of this class. Therefore, it is worthwhile to 
synthesize tin (IV) iodovanadate (SIV) and investigate its ion exchange properties 
and applications in a systematic manner. 
Electron exchangers are solid oxidation and reduction agents. They have 
found many important applications. Inorganic ion-exchangers are being extensively 
used for redox purposes in modem laboratories. The most important advantage of 
electron exchangers over the conventional methods of oxidation or reduction is their 
insolubility in the medium of reaction, thus the interferences caused by the unreacted 
redox substances can be easily separated from the substances with which they are 
treated. Another advantage of electron exchangers is that they are readily regenerated 
after use. A literature survey shows that a number of synthetic inorganic ion-
exchangers have been found to act as electron exchangers (1 Vi9)-
The present work deals with the synthesis, composition, ion-exchange 
properties, thermal and chemical stability of tin (IV) iodovanadate. The electron 
exchange behaviour of the material has been demonstrated. The oxidation of Fe(II), 
Sn(II), ascorbic acid, N2H4 was achieved by batch equilibrium technique successfully. 
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EXPERIMENTAL 
Reagents and chemicals 
Stannic chloride pentahydrate, potassium iodate and sodium meta vanadate 
were obtained from LOBA Chemie (India) and E. Merck (India) respectively. All 
other chemicals and reagents used were of anal R grade. 
Instrumentation 
A Systronics Digital pH-meter-335 and a spectronic 20 Genesis 
spectrophotometer were used to measure pH and absorbance respectively. A 
temperature controlled shaker 'SICO' was used for equilibrium studies. Muffle 
furnace was used for heating samples at different temperatures. FTIR spectra were 
obtained using FTIR Nicolet SOX spectrophotomter model. Thermal analysis has been 
performed on Perkin- Elmer thermal analyzer. Powder X- ray diffraction was 
recorded using a diffractrometer PW1820 with Cu Ka radiation. 
Synthesis 
Samples of tin (IV) iodovonadate were synthesized by adding gradually on 
aqueous mixture of 0.2M potassium iodate and 0.2M sodium metavanadate solution 
into 0.2M tin (IV) chloride solution in varying ratio with continuous stirring. The 
desired pH was adjusted by adding dilute HCl or NaOH solutions. The precipitate so 
formed was allowed to settle overnight at room temperature and then filtered under 
suction. The excess reagents were removed by successive washing with demineralized 
water (DMW) and the precipitate was kept in an oven at 50±2°C for complete drying. 
The product was then cracked into small granules by putting in DMW and finally 
treated with IM HCl for 24 h to ensure complete conversion into H"^  form. 
Ion-exchange capacity 
To determine the ion exchange capacity, 0.5 g of the exchanger in H"^  form 
was packed in a column with glass wool support at the end and washed with DMW to 
remove any excess of acid remaining on the particles. Metal nitrate solutions were 
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used to elute the H^ ions at a flow rate of 8-10 drops/min completely from the 
exchanger column. The effluent was collected and titrated against a standard NaOH 
solution to determine the total H"^  ions released. The ion exchange capacity data are 
given in tables U .2 and Lj.4 
pH-titration 
Topp and pepper's method (a«>) was used for pH titration of the material in H"^  
form. 0.5 g of the exchanger was taken in each 250 ml conical flasks containing a 50 
ml mixture of O.IM sodium hydroxide and O.IM sodium chloride solutions. The pH 
of each solution was recorded after continuous shaking for 6 h. The pH titration curve 
are given in fig 4.1. 
Chemical stability 
0.5 g exchanger in H"^  form was equilibrated with 50 ml of the concerned 
solution for six hours in a shaker incubater at 25±2°C. The amount of tin and iodate 
released in the solutions were determined spectrophotometrically using hematoxylin 
(21) and pyrogallol (22) respectively as chromogenic reagents whereas amount of 
vanadate released was determined titrimatrically (23). 
Chemical composition 
For the determination of chemical composition of the sample SIV- 8, 0.10 g of 
the material was dissolved in minimum amount of concentrated HNO3 (approximately 
10 ml). The solution was diluted to 100 ml with DMW. Tin and iodate in the solution 
were determined spectrophotometrically using hematoxylin (21) and pyrogallol (22) 
respectively as chromogenic reagents whereas amount of vanadate was determined 
titrimatrically (23). The molar ratio of Sn, I03 and V03 was found to be 2:3:1 
X-ray Analysis 
Powder X-ray diffraction pattern was recorded for the sample SIV-8 in H^ 
form (fig. 4.2). 
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FTIR Spectrum 
FTIR spectrum of tin (IV) iodovanadate in H"^  form was performed using KBr 
disc method and spectrum is shown in figure 4.3. 
Thermal Treatment 
To study the effect of drying temperature on the exchange capacity the 
material was heated at different temperatures in a muffle furnace for 1 h. The results 
are summarized in table 4.4 
Rate of oxidation 
In order to determine the rate of oxidation, a fixed amount of the exchanger (0. 
5g) was treated with the solution concerned in an erlenmeyer flask, the mixture was 
shaken in a shaker incubator. After appropriate intervals of time, the contents of the 
flasks were filtered and oxidized species formed were determined. 
Redox studies 
Oxidation of Sn(II), Fe(II), ascorbic acid and hydrazine to their respective 
higher oxidation states were performed by shaking the exchanger (0.5 g) with their 
solutions for 6 h. Each substrate was determined by standard method (2lf-28) and the 
total amount oxidized by the exchanger was evaluated. 
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RESULTS AND DISCUSSION 
Table 4.1 describes the preparation of samples of tin (IV) iodovanadate. From 
the data given in table 4.1 it can be inferred that the formation of starmic iodo vanadate 
is significantly affected by pH of the reaction mixture. It is clear from the table that on 
decreasing the pH of the reaction mixture upto a certain limit the ion exchange 
capacity increases. On flirther decreasing the pH the ion exchange capacity decreases. 
It has been observed that on increasing the iodate contents of the reactant in the 
mixture, the ion-exchange capacity of the material is increased while on increasing 
the stannic contents, the ion-exchange capacity decreased. The order of mixing do not 
affects the ion-exchange capacity and is remain almost same when the order of 
mixing is changed. Sample SIV-8 was chosen for detailed studies owing to its higher 
ion exchange capacity and chemical stability. 
Ion exchange capacity of starmic iodovanadate for alkali and alkaline earth 
metal ions are shown in table 4.2. It is evident that the ion-exchange capacity of alkali 
metals increases except K"^  as the hydrated ionic radii decreases as expected. The ions 
with smaller hydrated radii easily enter the pores of exchanger, resulting in higher 
adsorption. The alkaline earth metals exhibit a reverse relationship except Ba . 
Perhaps factors other than ionic radius are responsible for this unusual uptake of ions. 
The pH-titration curve (figure 4.1) shows one inflection point that indicates 
the monofunctional weak acid behaviour of the material and exchange capacity was 
found to be 0.98 meq/g for Na^ which is in close agreement with colunm capacity 
data. 
It appears from the data in table tj,3 that the material is quite stable in lower 
concentrations of mineral acids such as hydrochloric acid, nitric acid, and sulphuric 
acid. It is also stable in other common electrolyte solutions like acetic acid and 
ammonium chloride. However, the material readily dissolves in base. 
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Powder X-ray diffraction pattern of stannic iodovanadate in H"^  form reveals 
its semi-crystalline nature (fig. 4.2). 
The FTIR spectrum (fig. 4.3). of the exchanger in H^ form shows a broad and 
strong peak in the region 3600-3000 cm"' which may represent the interstitial water 
molecule and -OH groups [29]. Another sharp and strong peak with a maximum at 
1626 cm"' may be due to H-O-H bending. The spectrum also shows broad and strong 
band in the region 830-500 cm"' which can be assigned to the presence of vanadate, 
iodate and metal oxide \2fi-3X\. 
Thermograms of stannic iodovanadate (Fig. 4.4) furnish important 
informations. The derivative curve exhibits two prominent peaks with a Tmax at 105°C 
and 555°C corresponding to two distinct transformations. The weight loss hich 
continues upto 200°C is 4-8% due to the removal of external water molecules as 
indicated by the first peak of the derivative curve. Further, weight loss is observed 
fi-om 200°C to 496.5°C which may be attributed to the conversion of IO3 group to I2O5 
[HZ, 34]- The corresponding weight loss is 4.7%. Lastly, an abrupt weight loss in the 
region 496.5°C to 748.5°C is caused due to the structural transformation of the 
material with the evolution of gaseous products. Beyond 748.5°C, the weight becomes 
almost constant owing to the formation of metal oxide. The ion-exchange capacity 
data of the material at different heating temperatures are given in table L|.4 also 
supports these conclusions as the ion exchange capacity of the material dried at SOO^C 
and 700°C decreases from 1.75 to 1.47 and 1.75 to 0.94 respectively. 
On the basis of chemical composition, lEC, FTIR and TGA studies, a tentative 
formula for staimic iodovanadate may be written as 
(SnO)2 (103)3 (VO3) 
It was observed from thermogravimetric analysis that the weight loss due to 
the presence of water molecules in the gel material is 4.8%. The number of these 
water molecules (n) per mole of exchanger can be calculated fi-om Alberti's equation 
[35]. 
115 
Table 4,1 Conditions for the synthesis of stannic iodovanadate samples and their ion 
exchange capacity (lEC) 
Sample Mixing Order of mixing pH lEC for Na^  Appearance of 
No. ratio ion (meq/g beads after 
S:I:V exchanger) drying at 
50±2"C 
SIV-1 
SIV-2 
SIV-3 
SIV.4 
SIV-5 
SIV-6 
SIV-7 
SIV-8 
SIV-9 
SlV-10 
1:1:1 
1:1:1 
1:1:1 
1:1:1 
1:1:1 
1:2:1 
1:2:1 
1:2:1 
1:1:1 
2:1:1 
S is added to 
mixture of I and 
V 
S is added to 
mixture of I and 
V 
S is added to 
mixture of I and 
V 
S is added to 
mixture of I and 
V 
Mixture of I and 
V is added to S 
Mixture of I and 
V is added to S 
S is added to 
mixture of I and 
V 
Mixture of I and 
V is added to S 
Mixture of I and 
V is added to S 
Mixture of I and 
V is added to S 
1.15 
0.85 
0.60 
0.40 
1.15 
1.16 
1.18 
0.87 
1.30 
0.73 
0.77 
0.80 
0.70 
0.64 
0.74 
0.86 
0.84 
0.95 
— 
0.72 
Light yllow 
Light yllow 
Pale yellow 
Pale yellow 
Pale yellow 
Pale yellow 
Pale yellow 
Pale yellow 
Pale yellow 
Pale yellow 
Concentration of S (tin (IV) chloride), I (potassium iodate) and V (sodium 
metavanadate) was 0.2 M 
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Table 4.2 Ion-exchange capacity of stannic (IV) iodovanadate for various metal ions. 
Metal ions d ionic radii 
(A°) 
10.0 
7.9 
5.3 
10.8 
9.6 
9.4 
8.8 
Ion-exchange capacity 
meq/g exchanger 
0.78 
0.95 
0.87 
1.38 
0.82 
0.62 
1.75 
Li" 
Na" 
K" 
Ca^ " 
Sr^-
Ba^" 
Table 4.3 Chemical stability of staimic iodovanadate in different solutions. 
Solutions 
DMW 
IMHNO3 
IMHCl 
IMCH3COOH 
IMNH4CI 
IMNH3 
Sn(IV) 
0.00 
0.42 
1.58 
1.74 
2.45 
8.4 
Amount released 
103-
0.00 
8.75 
12.23 
4.50 
9.63 
22.95 
mg/50 ml 
VO3" 
0.00 
9.25 
12.15 
14.65 
15.32 
35.19 
17 
0.2 O-L 0.6 0.8 1.0 
meq of OH~Qdcled/0.5gnn exchanger 
Fig. 4.1 pH titration curve of tin(IV) iodovanadate 
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Table 4.4 Effect of heating temperature on ion-exchange capacity and color of 
stannic(IV) iodovanadate 
Heating temperature 
("C) 
50 
100 
200 
300 
400 
500 
600 
700 
800 
Ion exchange capacity 
meq/g dry exchanger (for 
Ba'") 
1.75 
1.75 
1.73 
1.67 
1.56 
1.47 
1.38 
0.94 
0.91 
Color 
Pale yellow 
Pale yellow 
Pale yellow 
Light brown 
Brown 
Grey 
Dark grey 
Light grey 
Light grey 
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Table 4.5 Oxidation of Sn(II) - Sn(IV) 
Amount of exchanger 
(g) 
Amount of Sn(II) taken 
(meq) 
Amount of Sn(IV) found 
(meq) 
0.5 
0.5 
0.5 
0.5 
0.5 
0.047 
0.094 
0.1395 
0.188 
0.235 
0.0454 
0.0920 
0.1125 
0.173 
0.211 
Table 4.6 Oxidation of Fe(II) - Fe(III) 
Amount of exchanger 
(g ) 
Amount of Fe(II) taken 
(meq) 
Amount of Fe(III) found 
(meq) 
0.5 
0.5 
0.5 
0.5 
0.5 
0.0485 
0.0970 
0.1455 
0.1940 
0.2425 
0.0480 
0.094 
0.1450 
0.1885 
0.220 
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Table 4.7 Oxidation of hydrazine to ammonia. 
Amount of exchanger 
(g) 
Amount of N2H4 taken 
(meq) 
Amount of NH3 found 
(meq) 
0.5 
0.5 
0.5 
0.5 
0.5 
0.0425 
0.095 
0.1425 
0.1900 
0.2375 
0.0465 
0.0825 
0.1300 
0.1710 
0.201 
Table 4.8 Oxidation of ascorbic acid to deascorbic acid. 
Amount of exchanger Amount of ascorbic acid 
taken (meq) 
( g ) 
Amount of deascorbic 
acid found (meq) 
0.5 
0.5 
0.5 
0.5 
0.5 
0.045 
0.0900 
0.135 
0.1800 
0.225 
0.043 
0.080 
0.1200 
0.1520 
0.1800 
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Fig. 4.5 Rate of oxidation of Fe(II) to Fe(III) 
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where X is the percent water content and M+18n, is the molecular weight of 
the material. It gives the value of 'n' as 3.3 
In stannic iodovanadate it is lOs'/Ia couple which is responsible for oxidation 
process. It has been practically demonstrated that the material can be successfully 
used for the oxidation of some species whose redox potential is lower than that of the 
IO37I2 couple. Thus oxidation of Sn(II) and Fe(II) to their higher oxidation state and 
ascorbic acid and hydrazine to deascorbic acid and ammonia have been achieved. The 
results are given in tablesL,5-1/.8.It has been observed that complete conversions of 
Fe (II) to Fe (III) occur in 70 minutes using batch process (fig. 4.5 ). It was found that 
the material could not be used for the oxidation of Mn^ V Mn^ *, CQ^" /^ COa^ "^  and Ce^^ 
I Ce'*"^  since the redox potential of these couples are higher than that of the \0{l\2. 
Probably iodate group in stannic iodovanadate is bonded at a place which is 
available for electron exchange with IO3" /12 couple and responsible for oxidation of 
the substrate of a suitable redox potential. The material can be regenerated by 
treatment with nitric acid solution. 
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Chapter 5 
Chromatographic Separation of Alkaloids on Stannic 
Phosphate Layers and Columns 
INTRODUCTION 
The alkaloids continue to be a wide variety of important uses. Most of them 
are used as pharmaceuticals.In recent years, there have been widespread 
developments in biotechnological methods for obtaining alkaloids, apart from their 
isolation from natural plants, separation and determination of these compounds will 
be of great importance in phytochemical and pharmaceutical studies and in the 
analysis of their metabolites produced in body fluids. Hence it is essential to develop 
qualitative and quantitative methods for the determination of these compounds in a 
variety of sample matrices. 
Among the methods for the identification and separation of alkaloids in 
solution, such as spectrophotometry, electrophoresis and paper chromatography (1), 
surface adsorption' (2, 3) liquid column chromatography and affinity chromatography, 
high-performance liquid chromatography (HPLC) with electrochemical and UV 
detection (4, 5) thin layer liquid chromatography (TLC) (6) and their combinations 
have particular value. With UV-detection HPLC is extensively studied method for the 
analysis of alkaloids but TLC method still retain a number of important general 
advantages over HPLC such as simultaneous rather than sequential sample analysis, 
simple and inexpensive equipment, separation of both minor as well as major 
alkaloids are possible, specific spray reagents are available and presence of 
comprehensive literature data. 
Among the various coating materials used in thin layer chromatography silica 
gel is the most popular adsorbent for alkaloids but it is reported that it causes tailing 
(7) and interference in the resolution of these compounds (8). Inorganic ion-
exchangers have been extensively used for the separation of metal ions (9-12), 
phenols (13-15), pesticides (16, 17), antibiotics (18, 19) and organic compounds (20, 
21). The applications of ion exchange resins for separation and purification of amino 
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acids obtained from protein hydrolysis has received considerable attention (22,23) 
while a few attempts have been made for the thin layer chromatographic (TLC) 
analysis of alkaloids on inorganic ion-exchangers (24). 
The present study is, therefore, an attempt to explore the potentiality of staimic 
phosphate layers and columns for the separation of alkaloids and their subsequent 
quantitative determinations in synthetic mixtures and pharmaceutical tablets. 
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EXPERIMENTAL 
Reagents and Chemicals 
Stannic chloride pentahydrate, Barbitiiric acid, Histidine were from Loba 
Chemie, India, nicotinic acid and quinine sulphate were from CDH (India), and all 
other chemicals used were of Anal. R.grade. Dragendroff reagent or iodine was used 
for the detection of alkaloids. 
Detecting reagent 
Iodine or dragendroff reagent was for the detection of alkaloids. 
Apparatus 
Slurry applicator, spectronic 20-Genesys spectrophotometer and development 
chambers were used. 
Preparation of ion-exchange material 
Ion-exchange material stannic phosphate was prepared by the procedure as 
reported in the literature (25). Two hundred and ten grams of stannic chloride 
pentahydrate were dissolved in 600 ml of distilled water. Into this solution 1.2 L of a 
1.2 N sodium hydroxide solution containing 187 g of sodium dihydrogen phosphate 
dihydrate was added gradually while stirring mixture vigorously at room 25±2°C. The 
gelatinous precipitate formed was stood for several hours. After the gelatinous 
suspension had settled down, the supernatant liquid was decanted. This procedure was 
repeated several times till the last washing becomes neutral and then filtered under 
suction. The product was finally dried in an oven at 50+2°C. 
Preparation of thin layer plates 
For preparation of thin-layer plates, a mixture of finely powdered stannic 
phosphate and calcium sulphate in a ratio of 9:1 was shaken continuously for 10 min 
with a small amount of double distilled water. Resultant slurry was spread on the 
surface of clean glass plates to prepare 0.25 mm thick uniform layers with the help of 
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applicator. Coated plates were first air dried and then activated by heating at 100±2°C 
for 1 hour in an oven before use. 
Chromatographic procedure 
For qualitative work approximately 0.05 ml solution of respective alkaloids in 
ethanol was applied at the point of application with the help of fine glass capillary. 
The spots were air dried and plates were developed with the appropriate solvent 
systems to a distance of 10 cm in a previously saturated TLC chamber. The plates 
were removed from the chamber air dried and kept in a glass chamber containing 
iodine vapour for 1 min for the detection of spots. 
Quantitative separation of alkaloids in synthetic mixture 
Mixture of alkaloids was spotted with the help of a syringe at the point of 
application on the glass plate. The plates were developed with the concerned solvent 
in usual manner. The pilot chromatograms were run under similar experimental 
conditions to ascertain actual positions of the spots on the plates. The same portion of 
the plates was scratched out and the alkaloids present in these portions were extracted 
with 10 ml of methanol. The supernatant extract was then determined 
spectrophotometrically (26). 
Quantitative separation of alkaloids on a column packed with stannic phosphate 
Quantitative separations of alkaloids were achieved on glass columns having 
an internal diameter 0.6 mm. The packed column containing 2.0 g starmic phosphate 
was washed thoroughly with DMW. The 2.0 ml portion of the mixture of alkaloids to 
be separated was loaded on it. The solution was allowed to flow at the rate of 2-3 
drops per minute. After recycling two or three times to ensure complete adsorption of 
the components of mixture on the column bead, the components were eluted by 
passing a suitable solvent through the column. The alkaloids in the effluent were 
determined spectrophotometrically (2(). 
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For the determination of quinine in pharmaceutical preparations, three Kunen 
tablets were powdered and treated with ethanol. Then the ethanol extracts were 
acidified with dilute hydrochloric acid and precipitated impurities were removed by 
filtration. A small portion of the sample solution was then transferred into the column 
and allowed to percolate through the column at a slow flow rate. The effluent was 
recycled. The subsequent steps are the same as described above. 
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RESULTS AND DISCUSSION 
Alkaloids are a class of "secondary" plant metabolites and have been 
classified as basic compounds derived from amino acids that contain one or more 
heterocyclic nitrogen atoms. Alkaloids are highly reactive substances with biological 
activity in low doses. 
Results of these studies reveal that staimic phosphate layer offers potentials for 
the separation of alkaloids. It has been observed that eluting power of mixed solvent 
system of almost all the alkaloids are high in mixed solvent system than the single 
solvent systems studied because mixed solvents tend to chromatograph as they move 
up the thin layer, causing a continual change in the solvent composition with distance 
on the plate. Imidazole, a-picolinic acid, quinine, histidine and nicotinic acid have 
comparatively low Rf values in all the solvent systems except hydrochloric acid, 
sodium chloride and sodium hydroxide in which they have intermediate Rf values. 
Indole, thio-barbituric acid and 2-dimethyl indole tend to move with the polar 
solvents readily than with the non-polar solvents while for 2-dimethyl imidazole 
reversed trend is observed. This differential migration of the alkaloids may be due to 
their different molecular structure and somewhat polar nature of the exchange 
material arises from the OH groups of phosphate component. 
It is evident from the table 5.2 that the Rf values of all the alkaloids are 
comparatively higher in 1-Butanol-acetone-diethylamine-water solvent system than in 
2-propanol-formic acid-water because of the presence of diethylamine which 
complete with the analytes for the hydroxyl group of stationary phase thereby 
masking some of the active sites. It is also clear that the presence of chloroform in the 
butanol-acetic acid-water-chloroform system decreases the Rf values of almost all the 
alkaloids as compared to the butanol-acetic acid-water system. This may be due to the 
decrease in the polarity of the solvent system. 
Table 5.1: The composition of the solvent systems. 
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Components Ratio Abbreviations 
Hexane 
Diethyl ether 
Hexane+Diethyl ether 
Ethanol 
Hydrochloric acid (0.005N) 
Sodium chloride (0.005N) 
Sodium hydroxide (0.005N) 
Acetone 
Benzene 
Acetone+Benzene 
Butanol + Acetic acid + Water 
Butanol + Acetic acid + Water + Chloroform 
2-propanol+ Formic acid + Water 
Butanol + Acetone + Diethylamine + Water 
1:1 
1:1 
4:1:5 
4:1:5:5 
20:1:5 
10:10:2:5 
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On the basis of difference in Rf values of alkaloids in a number of solvent 
systems, it has been possible to separate some important binary and ternary qualitative 
and quantitative separations in a few minutes on starmic phosphate layers and 
columns. The results of analysis are reported in tables 5.3, 5.4 and 5.5. 
This TLC method is rapid, reproducible, selective, simple and applicable to 
the identification and separation of alkaloids over a wide range of concentration. The 
practical utility of stannic phosphate layers has been demonstrated by achieving 
quantitative separations of barbituric acid, nicotinic acid, indole, thiobarbituric acid, 
2-dimethyl indole, 2-dimethyl imidazole, cetyl pyridinium chloride from synthetic 
mixture of other alkaloids and assay of quinine in pharmaceutical tablet. Columns of 
starmic phosphate can also be used for the separation of alkaloids. The results are 
given in tables 5.6 and 5.7. 
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Table 5.3: Binary and ternary separations of alkaloids on stannic phosphate layer 
Component Separation (RJ-RL) 
Indole-barbituric acid- Quinine 
Thio-barbituric acid- Barbituric acid-
Nicotinic acid 
(0.89-1.0) (0.50-0.62) (0.15-0.23) 
(0.78-0.89) (0.52-0.62) (0.10-0.30) 
Solvent 
Systems 
>ii 
Indole-cetylpyridinium chloride- Quinine 
Thio-barbituric acid- 2-dimethylimidazole-
a-picolinic acid 
(0.93-1.0) (0.59-0.78) (0.14-0.43) 
(0.47-0.75) (0.19-0.34) (0.04-0.17) 
M2 
2-dimethyl indole- cetyl 
pyridinium chloride-quinine 
(0.90-0.94) (0.13-0.25) (0.0-0.07) 
Indole-cetylpyridinium chloride- Histidine (0.73-0.85) (0.10-0.32) (0.00-0.09) 
2-dimethyl indole - cetyl 
pyridinium chloride - Histidine 
Indole-cetylpyridinium chloride-brucine 
(0.87-1.0) (0.45-0.65) (0.05-0.25) 
(0.72-0.93) (0.49-0.63) (0.0-0.30) 
Indole-Quinine-2 dimethyl indole 
Thiobarbituric acid-Nicotinic acid-a-
Picolinic acid 
(0.76-1.0) (0.37-0.52) (0.0-0.1) 
(0.75-0.91) (0.19-0.38) (0.0-0.11) 
>13 
>14 
Indole-brucine 
Indole-2 dimethyl indole 
2-dimethyl imidazole-cetyl pyridinium 
chloride 
2-dimethyl indole-Histidine 
Thiobarbituric acid-a-Picolinic acid 
(0.60-0.75) (0.0-0.04) 
(0.56-0.78) (0.0-0.09) 
(0.38-0.51) (0.0-0.07) 
(0.85-1.0) (0.0-0.1) 
(0.62-0.83) (0.0-0.09) 
Sio 
S9 
S8 
S7 
Thiobarbituric acid - cetyl pyridinitim 
chloride 
2-dimethyl imidazole-2-dimethyl indole 
(0.70-0.82) (0.29-0.10) 
0.61-0.78) (0.0-0.07) 
Barbituric acid-a-Picolinic acid (0.48-0.72) (0.0-0.08) 
Barbituric acid-Nicotinic acid 
2-dimethyl Imidazole-brucine 
(0.39-0.63) (0.10-0.32) 
(0.34-0.68) (0.0-0.03) 
S6 
S4 
Si 
Table 5.4: Quantitative binary and ternary separations of alkaloids on stannic 
Phosphate layer 
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Component 
Indole 
Barbituric acid 
Indole 
Brucine 
Thiobarbituric acid 
Indole 
2-dimethyl indole 
Barbituric acid 
Thiobarbituric acid 
Barbituric acid 
2-dimethyl indole 
Brucine 
Thiobarbituric acid 
Brucine 
Barbituric acid 
Brucine 
2-dimethyl Indole 
Barbituric acid 
Amount taken 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
- 50 
50 
50 
50 
50 
50 
Amount found 
49.42 
49.95 
49.97 
50.00 
48.47 
49.97 
49.63 
49.82 
49.75 
49.85 
49.77 
49.98 
49.87 
49.99 
49.80 
49.90 
49.71 
48.79 
% Recovery 
98.94 
99.90 
99.94 
100.00 
97.94 
99.94 
99.94 
99.64 
99.50 
99.70 
99.54 
99.96 
99.74 
99.98 
99.60 
98.80 
99.42 
99.58 
Developing 
Solvent 
Sii 
Sio 
Sio 
Sg 
Sg 
Sg 
Sg 
Si4 
Average of five determinations 
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Table 5.5: Quantitative binary separation of alkaloids on stannic phosphate column 
Component Amount Amount % Eluent Volume of 
taken (ng) found (^ ig)* Recovery used eluent used 
(ml) 
Barbituric acid 
Indole 
Indole 
2-dimethyl Indole 
Barbituric acid 
Thio-barbituric acid 
Thiobarbituric acid 
2-dimethyl Indole 
Quinine 
2-dimethyl Indole 
200 
300 
500 
400 
600 
700 
800 
600 
900 
700 
197.85 
294.45 
484.25 
396.25 
588.08 
683.52 
766.80 
582.10 
862.03 
664.50 
98.92 
98.15 
96.85 
99.06 
98.01 
97.65 
95.85 
97.01 
95.78 
94.92 
s, 
Ss 
S5 
Si4 
Si 
Ss 
S6 
Sl3 
S6 
SR 
70 
50 
50 
45 
70 
55 
65 
75 
80 
60 
* Average of three determinations 
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Table 5.6: Some selective quantitative separations of alkaloids from synthetic mixtures on 
stannic phosphate layer 
Component Amount Amount % Solvent 
taken (^ ig) found (^g)* Recovery 
Barbituric acid and Nicotinic acid from a 
mixture of Brucine, Indole, Thio 
barbituric acid, a-Piconilinic acid, Cetyl 
pyridinium chloride, 2 dimethyl Indole, 
Quinine, Histidine 
50 
50 
49.23 
47.65 
98.46 
95.30 
Indole from a mixture of Brucine, 2-
dimethylimidazole, a-Picolinic acid, 
Imidazole, Cetyl pyridinium chloride. 
Quinine, Histidine, Nicotinic acid 
50 49.57 99.14 
Thiobarbituric acid from a mixture of 
Brucine, Imidazole, a-Picolinic acid, 2 
dimethyl Imidazole, Barbituric acid. 
Quinine, Histidine, Nicotinic acid 
50 48.75 97.50 S8 
2 dimethyl Indole from a mixture of 
Brucine, Imidazole, a-Dimethyl 
Imidazole Barbituric acid, Quinine, 
Histidine, Nicotinic acid 
50 48.95 97.90 
2-dimethyI Imidazole from a mixture of 
Brucine, Imidazole, Thiobarbituric acid, 
Cetyl pyridinium chloride. Barbituric 
acid 
50 
Cetyl pyridinium chloride from a mixture 
of Imidazole, a-Picolinic acid, 2-
dimethyl Imidazole, Nicotinic acid 
50 
47.95 
48.88 
95.90 
97.76 
S9 
>ii 
* Average of five determinations 
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Table 5.7: Estimation of Quinine in pharmaceutical tablets (column method) 
Amount loaded (y.g) Amount found (^g) Eluent used Volimie of eluent 
used (ml) 
360 359.24 S6 40 
540 538.95 S6 50 
720 717.19 S6 60 
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